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SUMMARY 
The primary objective of this study was to ascertain whether the 
Pareto distribution could be usefully applied as a quantitative methpd 
of comparison in analyzing the structure of wages and salaries in some 
selected manufacturing industries. 
The secondary objective of this study was to investigate the 
distribution of wages and salaries among various manufacturing indus­
tries and individual companies within these industries; and further, to 
illustrate the econometric methods of approach as a useful tool to the 
industrial engineer. 
This survey of employee earnings represents companies having 100 
or more paid employees, and is limited to participating firms from 14 
manufacturing industry groups. Statistical income data were gathered by 
confidential questionnaires mailed to the wage and salary administrators 
of 211 companies. Replies were received from 19 companies; due to being 
incomplete, four of these were excluded from the study. 
Employing the method of least-squares, income data of each of the 
15 companies were fitted to the Pareto distribution expressed by the 
formula y = a x~ v. In this formula, y represents the number of persons 
receiving an income of x or more, and a and v represent constant para­
meters. In obtaining the desired curve for a given industry, data of 
all the establishments within the same industry were combined. To il­
lustrate the closeness of fit between the observed values of y and the 
i x 
c o m p u t e d v a l u e s o f y , t h e s e v a l u e s w e r e p l o t t e d o n f u l l l o g a r i t h m i c 
p a p e r . 
A p p r o p r i a t e m e t h o d s o f c u r v e f i t t i n g w e r e e x p l o r e d t o o b t a i n a 
s i m p l e f o r m u l a , w h i c h m a y o r m a y n o t h a v e a p h y s i c a l b a s i s , b u t b y w h i c h 
a n a p p r o x i m a t e v a l u e o f y m a y b e c o m p u t e d f r o m a g i v e n v a l u e o f x . 
C h a p t e r V d i s c u s s e s t h r e e m e t h o d s o f a t t a c k u n d e r t a k e n t o d e s c r i b e t h e 
e n t i r e r a n g e o f i n c o m e s b y e m p i r i c a l m e a n s . 
T h e r e s u l t s o b t a i n e d w e r e f a v o r a b l e a s t h e y i n d i c a t e d t h a t t h e 
P a r e t o d i s t r i b u t i o n g e n e r a l l y f i t s w e l l l i m i t e d p o r t i o n s o f t h e o b s e r v e d 
i n c o m e c u r v e , w i t h d i f f e r e n t v a l u e s o f v . T h e u p p e r s a l a r y r a n g e o f t h e 
i n c o m e c u r v e f o r a g i v e n c o m p a n y c a n b e a d e q u a t e l y r e p r e s e n t e d u s i n g t h e 
P a r e t o d i s t r i b u t i o n . T h e p a r a m e t e r s a a n d v p o r t r a y t h e i n c o m e d i s t r i ­
b u t i o n c h a r a c t e r i s t i c s o f t h e c o m p a n y . B a s e d o n t h e s e p a r a m e t e r s , t h e 
s t r u c t u r e o f s a l a r i e s c a n b e a n a l y z e d c o m p a r a t i v e l y i n t h e m a n u f a c t u r i n g 
i n d u s t r i e s a m o n g v a r i o u s c o m p a n i e s . 
I t i s r e c o m m e n d e d t h a t i n c o m e d a t a b e c o l l e c t e d f r o m m a n y c o m ­
p a n i e s a c c u r a t e l y a n d i n m o r e c o m p l e t e f o r m ; t h e n a n a l y s e s o f s i m i l a r 
n a t u r e b e u n d e r t a k e n . F u t u r e s t u d i e s o f t h i s t y p e s h o u l d a t t e m p t t o 
a s c e r t a i n t h e e x i s t e n c e o f a " p a t t e r n " i n t h e d i s t r i b u t i o n o f i n c o m e s 
w i t h t h e h o p e t h a t s o m e d a y t h e i n c o m e d i s t r i b u t i o n p a t t e r n s a n d t h e i r 




The subject of economic ana lys i s has been divided into two 
par t s , namely, economic s t a t i c s and economic dynamics. Economic 
s t a t i c s deals with the problems of equilibrium condi t ions , which do 
not involve var ia t ions in the time variable,, However, economic 
phenomena which depend upon the ir sequence in time, as in the theory 
of business c y c l e s , belong to economic dynamics. 
So far as t h i s study i s concerned, the reader i s requested to 
accept the view that those problems which are concerned with equi­
librium in the economy, that i s to say, problems which may be described 
in terms of mathematical models that do not introduce the variable of 
t ime, belong to the domain of economic s t a t i c s . For instance , the 
theory of pure exchange between buyers and s e l l e r s in a market depends 
upon the curves of supply and demand and consequently i s a theory of 
economic s t a t i c s . S imi lar ly , the d i s t r ibut ion of incomes in an economy, 
the number of people in each income c l a s s , d isplays a reasonably perma­
nent pattern and can be described by a curve which depends l i t t l e upon 
the variable of time. 
For the purposes of t h i s study, the de f in i t i on of income as 
s ta ted by Harold T. Davis in the fol lowing paragraph w i l l be adopted. 
The nature of income i s not e a s i l y attained as one may see 
from the constant controversy that i s waged over what i s to 
be included in income-tax returns . I t w i l l be s u f f i c i e n t for 
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our purposes to define the income of an individual as that 
quantity of goods and s e r v i c e s , measured in terms of a money 
u n i t , which he has received during some period of time as a 
r e s u l t of the expenditure of d i s u t i l i t y or the employment of 
c a p i t a l during that time. I t i s customary to denote the f i r s t 
category of income as wages and s a l a r i e s and the second ca te ­
gory as the return from investment. The t o t a l income of a l l 
i t s c i t i z e n s i s known as the t o t a l income of the s t a t e ( 1 ) . 
This study concerns i t s e l f only with the f i r s t category of income de­
scribed as wages and s a l a r i e s and with reference to employee incomes in 
the manufacturing i n d u s t r i e s . Throughout the t h e s i s the term income 
s h a l l mean the wages and s a l a r i e s of employees of the companies p a r t i c ­
ipat ing in the study from se l ec ted manufacturing indus tr i e s . 
The question of wages and s a l a r i e s i s the concern of every indus­
t r i a l en terpr i se . Employee compensation represents a substant ia l part 
of the t o t a l operating cos t s of any bus iness . How wel l a company con­
t r o l s these wage c o s t s , and how much employee product ivi ty i s obtained 
in return for the income do l lar , can have an important e f f e c t on the 
success of the enterpr i se . 
The company wage and salary program i s important a l ike to employ­
e e s , managers, and owners. The pay p o l i c i e s and pract ices of the company 
a f fec t the a b i l i t y of employees at every l eve l to a t t a i n the ir reasonable 
material a s p i r a t i o n s . To the owners of the company, wage and salary ad­
minis trat ion can be a s i g n i f i c a n t means of keeping the company strong; 
and at the same time i t inf luences the manager's success in h i s job. 
Employees are s e n s i t i v e about how the ir pay compares with that 
received by employees in other companies who do comparable work. Their 
knowledge of pay at other companies i s general ly quite imperfect. How­
ever, i f they get the impression that the ir pay i s lower than that in 
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effect in other companies, serious employee unrest may result. This 
problem not only is an important factor in employee attitudes, but also 
has an important bearing on the company's ability to obtain and retain 
the number of types of persons required to operate efficiently. More­
over, comparative pay structures have an important effect on the com­
pany's costs and, therefore, on its ability to compete effectively in 
the product market. 
Firms of comparable size in the same industry require personnel 
with similar skills and experience. Even though individual jobs and 
classifications will differ, the companies tend to organize their total 
work effort in such a way that there will be a comparable hierarchy of 
positions within each firm. The activity of large groups of people in 
relation to their wants and satisfactions is apparently not indetermi­
nate and random. It seems reasonable to assume, therefore, that a 
structural relationship underlies the vagaries of individual action for 
the activity of the group. 
The theory of economics, as it applies to a sufficiently large 
collection of individuals, is measurable using mathematical and sta­
tistical techniques. There exist determinate values which may be ascer­
tained within definite limits of error. Evidence from varied sources 
(1), (13), and (14), leads to the conclusion that the distribution of 
incomes in stable societies conforms closely to the Pareto distribution 
of income as expressed by the formula y = a x" v; y represents the number 
of persons receiving an income of x or more, and a and v represent the 
two parameters of the economic system. 
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So far as indus tr ia l engineering i s concerned, the Pareto d i s ­
t r ibut ion can be use fu l ly applied as a quant i tat ive method of comparison 
in analyzing the structure of employee incomes in various industr ies and 
thus aid management in i t s d e c i s i o n s . The t e s t i n g of Pareto*s d i s t r ibu­
t i o n with aggregate income has been common; but the d i s t r ibut ion has not 
been extended to the study of wages and s a l a r i e s in industry. 
Needless to say, income i s the keystone of economic planning not 
only at the broad aggregative l e v e l but a l so at the narrow individual­
i s t i c l e v e l . Due a t t en t ion should, therefore , be given to the wage and 
salary structure of the s i n g l e individual enterpr i se . This study i s 
devoted t o t h i s end. 
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CHAPTER I SURVEY OF LITERATURE In this chapter a background of the income distrbution concept wil be discused to acquaint the reader with the subject mater* A survey of literature wil be presented in order to familarze him with the various income distrbution models of signifcance whic  have ben proposed up to date. Since the author has selcted the Pareto income distribution model in this study, a comprehensive description of this model wil be included. Statistical dat  with whic  one works in practial problems have ben clasifed under two types (a) dat  distrbuted with respect to some unit of time, and (b) dat  distrbuted with respect to some physi­cal characteristic. Most statistics used in economics are of the first type whic  is refred to as a time series. The second clas is known as the frequency distribution, wher dat  are distrbuted acording to clas units whic  are sugestd by the charcter of the subject under observation. The individuals asociated with a given clas do not pos­ses the same characteristcs in the same degre. For example, clasi­fication of wage and salry earners by income is a case of frequency distribution whic  has the characteristcs of a contiuous function. The use of mathematicl methods in economics is today suplemen­ted by a tool whic  was not availble to such prominent economist as Alfred Marshal (1842-1924), Antoie A0 Cournot (1807-187), Lord Kelvin 
6 
(1824-1907), and Leon Walras (1834-1910). This tool is the collection 
of statistical data which have been assembled by many agencies since the 
beginning of the present century, and which affords an opportunity for 
the numerical verification of economic postulates. In the meantime, 
there has been developed a very extensive and adequate theory of sta­
tistics so that the collected data could be subjected to analysis. 
A statistical description of an income distribution is defined 
by Aitchison and Brown (2) as a rule which gives for each value of x the 
proportion F(x) of persons in a given population who have an income not 
greater than x. Such a description, these authors further state, if it 
is to be a useful analytical tool, requires that F(x) be given a mathe­
matical expression involving known, or usually unknown parameters. They 
both resolve on four criteria to be used in assessing the success of a 
particular descriptions 
(a) To what degree does the mathematical expression approximate 
the observed distribution of incomes when specific values are assigned 
to the parameters? 
(b) In arriving at the model certain assumptions are made which 
are consistent with the available knowledge in the field. To what ex­
tent may the statistical description be shown to rest on these assump­
tions? 
(c) Does the statistical model provide facilities in the analy­
sis of the data? 
(d) From the economic standpoint, what meaning or significance 
can be attached to the parameters of the selected description? 
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It has been established that income distributions almost in­
variably possess a single mode and are positively skewed. Among the 
statistical descriptions which satisfy these rather general conditions 
and which in the past have been proposed as applicable to the distribu­
tion of incomes, works of the following authors may be mentioned. 
Pareto, Kapteyn and Gibrat, Frechet, Amoroso, and Champemowne. 
In the year 1903 J. C. Kapteyn, in his book Skew Frequency Curves 
in Biology and Statistics, mentions the law of proportionate effect with 
reference to the distribution of income. This postulate is similar to 
Gibrat's (3) law of proportionate effect; the process of reasoning is 
from theory to observation, from the law of proportionate effect to the 
derivation of the lognormal description of income distribution, and then 
to the testing of the theory against observed data. The Kapteyn-Gibrat 
description is called the log-normal distribution. An application of 
the lognormal distribution was undertaken by H. S. Steyn (4) in study­
ing the distribution of incomes for the Union of South Africa. Kolmo-
goroff (5), Halmos (6), and Epstein (7) have recently developed a new 
process analogous to the lognormal description for studying breakage 
processes and particle size distributions. 
Professor Champernowne (8) describes a model which under real­
istic assumptions generates approximately a distribution of incomes 
obeying Pareto law. This model provides a basis for the comparison of 
processes in generating the Pareto and lognormal descriptions of income 
distribution. His model assumes, in a grouped form, equal probabilities 
for proportionate changes in income. 
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The best known attempts to derive Pareto's empirical income-
descr ipt ion from simple assumptions are those of Rhodes (9) and Castel ­
l a n ! (10) . Rhodes makes assumptions concerning the d i s tr ibut ion in the 
population of cer ta in t a l e n t s which are held to determine the income-
earning capacity of an individual in conjunction with a s o c i a l l y 
accepted system of rewards. I t a l so involves "a cer ta in mathematical 
assumption" for which he a s ser t s there i s "no j u s t i f i c a t i o n apart from 
expediency." 
C a s t e l l a n ! ' s model i s based on a physical analogy taken from the 
f i e l d of s t a t i s t i c a l mechanics. He f i r s t divides the income range into 
i n t e r v a l s , and then determines the number of incomes f a l l i n g in to each 
interva l by a multinomial process . The assumption he makes i s that 
there e x i s t s independent p r o b a b i l i t i e s assoc iated with each interval 
and that something akin to physical forces of a t trac t ion constrains the 
operation of the process . 
The f i r s t extens ive study from the s t a t i s t i c a l point of view on 
the problem of how income i s d i s tr ibuted among the c i t i z e n s of a s ta te 
was carried out by Vilfredo Pareto (1848-1923). Pareto was a d i s c i p l e 
of Leon Walras and h i s successor in the chair of P o l i t i c a l Economy at 
the Universi ty of Lausanne. In 1897 publ icat ion of h i s second book en­
t i t l e d Cours d'economie po l i t ique marks the beginning of the study of 
the income d i s t r ibut ion problem. The f i r s t chapter of Pareto's book i s 
e n t i r e l y devoted to t h i s problem (11) . 
Upon c o l l e c t i o n of income data from numerous sources and employ­
ing s t a t i s t i c a l t o o l s , Pareto arrived at a formulation of h i s law of 
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income d i s t r i b u t i o n . This law has been described by Professor Harold 
T. Davis somewhat p r e c i s e l y in the following statement (1)r 
In a l l places and at a l l times the d i s tr ibut ion of income 
in a s table economy, when the or ig in of measurement i s at a 
s u f f i c i e n t l y high income l e v e l , w i l l be given approximately 
by the empirical formula y = a x ~ v , where y i s the number of 
people having the income x or greater , and v i s approximately 
1.5 . 
The s ign i f i cance of the Pareto law i s very wel l r e f l ec t ed in the 
comments of Professor Snyder ( 1 2 ) t 
But there i s a larger i n t e r e s t in t h i s very in teres t ing f i e l d 
and that i s whether the Pareto curve i s not a general expres­
s ion for p r a c t i c a l l y every kind of highly spec ia l i zed a b i l i t y , 
from that of the b i l l i a r d player or basebal l pitcher to the 
spectacular performance of the chess player, . . . Clearly 
there are not in t h i s world many Newtons or Shakespeares or 
Faradays, any more than there i s a large population of Dizzy 
Deans or W i l l i e Hoppes. . . . Such at l e a s t was the concep­
t i o n to which the writer had given a good deal of a t t en t ion . 
. . . Enough, however, i t has seemed to me, to indicate that 
the t h e s i s i s v a l i d , and further that the Pareto Curve i s 
dest ined t o take i t s place as one of the great general izat ions 
of human knowledge. 
Keeping in mind the c r i t e r i a used by Aitchison and Brown in for 
mulating the s t a t i s t i c a l descr ipt ion of income, the mathematics of the 
Pareto d i s t r ibut ion w i l l be presented next based on Professor Davis' 
presentat ion . Let us assume a population of N individuals who are t o 
be d i s tr ibuted with respect to the ir possess ion of a quantity of a 
variable x; l e t the d i s t r ibut ion function be designated by Z(x) and 
furthermore, l e t the lowest measure of the range of x be A and the 





Figure 1 . Range of the Dis tr ibut ion Function 
The t o t a l number of individuals who possess the measure between x and 
x + dx was defined by Z(x) . For the range from A to X, the number of 
indiv iduals f a l l i n g in t h i s category can be described by the integral 
Then the number of individuals who have the measure from A to B i s given 
by the r e l a t i o n 
However, in defining the Pareto d i s t r ibut ion i t was s tated that the re ­
l a t i o n y - ax~ v holds when the or ig in of measurement i s at a s u f f i c i e n t l y 
high income l eve l ( e . g . , the r e l a t i o n describes best the range from X to 
B) . Thus, N - Y(X) must be the frequency function of the population in 
quest ion, s ince i t i s t h i s function which g ives the number of individu­
a l s who have the measure X or greater* 
If the cumulative frequency function i s designated by y(X), the 
fol lowing r e l a t i o n must hold 
(1) 
Y(B) = Z(x) dx = N, (2) 
J A 
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y(X) = N - Y(X) = 
f B 
Z(x) dx. ( 3 ) 
X 
This i s the function which was assumed to have the form y = a x ~ v by 
Pareto. I f we accept Pareto*s propos i t ion , the fol lowing simple mathe­
matical r e l a t i o n s can be obtained from the above function. 
The cumulative frequency function i s assumed to have the form 
y = a x ~ v . (4) 
D i f f eren t ia t ing equation ( 4 ) , y with respect to x , we get 
~ = ( ~ v a x ~ v - 1 + 0 ) = Z(x). 
Simplifying, Z(x) = - = ( v a) x " v - 1 . (5) 
dx 
Taking logarithms of equations (4) and (5) the l inear re la t ionsh ips be­
low are obtained: 
log y = log a - v log x, (6) 
log z s log (av) - (v+1) log x. ( 7 ) 
When the logarithms of the two functions above versus the loga­
rithms of x are graphed on fu l l - logar i thmic paper, the graphs w i l l be 
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two straight lines with slopes of v and (v+1) respectively. The Pareto 
curve in its more general form is expressed in equation (8), 
Equation (6) represents only a simplification of this more general 
equation. In (8) $ was so small that Pareto neglected it thus reducing 
equation (8) to the form 
where N is the number of individuals with income equal to, or greater 
than X; A,oC , a are constants. The expression in (6) has been referred 
to as the first law, while equation (9) is known as his second law of 
income distribution. In this study, we will be concerned with the ap­
plication of Pareto's first law which seems to be the most widely known 
formula. 
Many attempts have been made to obtain data on the incomes of 
individuals from the lowest income levels to the highest. The most 
comprehensive study is that made by the National Bureau of Economic Re­
search, who published their estimates of the distribution of income 
among personal-income recipients in the United States for the year 1918. 
Davis shows the fantastic spread of the income from the average by com­
puting the second, third, and fourth moments about the mean, the unit 
being $1000 for the above U. S. data. The calculated values were 
log N = log A -./log (a+X) -gX. (8) 
log N = log A -dClog (X+a) , (9) 
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A 2 ~ 3 2 . 1 3 6 7 , A $ = 4 0 1 6 5 . 4 6 9 4 , A 4 = 77,281,288.7 . From these moments 
Professor Davis computes the standard error, the skewness, and the 
kurtos i s of the d i s t r ibut ion to be re spec t ive ly (T = 5.6689, S - M ^ j 
( 2 ^ ) = 11.0253, E = ̂ 2 - 3 = 74,826, where # 2 i s taken to be ( ^ / ( T 4 ) . 
The foregoing inves t iga t ions of personal-income rec ip i en t s in 
the U. S. for the year 1918 led Davis to the conclusion below: 
These values show how hopeless i s the task of attempting to 
graduate the data by any of the curves of Pearson type. This 
comment i s quite s i g n i f i c a n t , s ince the problem invoked by 
the d i s t r ibut ion of incomes i s thus shown to be e s s e n t i a l l y 
d i f ferent from that of the usual frequency d i s t r ibut ions which 
ar i se in b io logy for which the Pearson types were primarily 
designed. The extraordinary dif ference between biometric f re ­
quencies and income frequencies i s found in the general obser­
vat ion that in the former, even in cases of extreme skewness, 
i t i s unusual t o find any member of the d i s t r ibut ion more than 
4(Tfrom the mean. In the case of income data, extreme indiv id­
uals are found more than 700 (Tfrom the mean ( 1 ) . 
A v e r i f i c a t i o n of the general t h e s i s of the Pareto d i s tr ibut ion 
of spec ia l a b i l i t i e s i s given in the data published in the 28th annual 
report of the General Motors Corporation for the year ending December 
31, 1936. The report shows the salary schedule for the executive ad­
minis trat ive s t a f f of the corporation. Having arranged the data from 
t h i s report in a cumulative frequency t a b l e , Davis f i t s a parabolic 
curve to the data using the l e a s t squares method. The equation 
log y = 10.83006 - 2.067 log x (10) 
was obtained and Davis 1 in terpretat ion of h i s r e s u l t s i s that the 
d i s t r i b u t i o n of s a l a r i e s in a successful corporation l ike General Motors 
tends toward the Pareto pattern. 
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In 1951, Hayakawa (13) attempted to estimate income d i s tr ibut ion 
as a whole for Japan, using data obtained from 108 communes ( v i l l a g e s , 
towns, and c i t i e s ) and applying the Pareto curve. S t a t i s t i c s of incomes 
in Japan indicated that the Pareto curve holds good for the upper range 
of the income d i s t r ibut ion and that such an extension to the lower in ­
come ranges i s not warranted. 
Professor Shirras (14) analyzed the d i s t r ibut ion of income in 
India for the period 1913-1914 to 1929-1930 using the Pareto d i s t r ibu­
t i o n . In 1935, h i s conclusion was that the logarithmic curve of the 
d i s t r ibut ion of incomes did not f a l l into a s tra ight l ine and that the 
law did not hold at a l l . Twenty-one years a f ter Shirras , however, Bose 
and Roy (15 ) , in view of the changed economic condi t ions , bet ter cover­
age, and the a v a i l a b i l i t y of improved s t a t i s t i c a l data, attempted to 
t e s t the v a l i d i t y of the Pareto hypothesis in India. Their re su l t s and 
conclusions were in support of the v a l i d i t y of the Pareto hypothesis . 
In England, Professor Allen (16) made an estimate of the d i s t r i ­
bution of higher s a l a r i e s of men in the United Kingdom for the period 
1954-1955. When h i s cumulative frequencies are p lo t ted on a f u l l -
logarithmic paper against income, they f a l l c l o se to a s tra ight l ine 
with slope of about - 2 . 5 . One of the United Nations publ icat ions (17) 
g ives an est imate of the d i s t r ibut ion of wage and salary income in 
Poland for September, 1955. The value of the slope was found to be 4 . 5 . 
Among the l a t e s t works in the f i e l d of income d i s t r ibut ion are 
those of Lee Soltow (18) and Foster , Wajda, Lawson (19) . Soltow's study 
i s designed to inves t iga te changes in the dispersion of wages and 
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s a l a r i e s i n o n e m a n u f a c t u r i n g p l a n t o v e r a l o n g p e r i o d o f t i m e . F o s t e r , 
W a j d a , a n d L a w s o n p r o p o s e a m e t h o d w h i c h t h e y d e s c r i b e a s t h e " G l o b a l 
P l a n , " a n d b y w h i c h c o m p a n i e s c a n a t t e m p t t o e s t a b l i s h h o w t h e i r s a l a r y 
s c h e d u l e c o m p a r e s w i t h t h e s c h e d u l e o f o t h e r c o m p a n i e s w i t h i n a n i n d u s ­
t r y . E v e n t h o u g h t h e b a s i c o b j e c t i v e s e e m s t o c o i n c i d e w i t h t h a t o f t h e 
a u t h o r , t h e " G l o b a l P l a n " a p p r o a c h h a s l e f t o u t t h e w a g e s t r u c t u r e 
p r o b l e m e n t i r e l y . 
T h e N a t i o n a l I n d u s t r i a l C o n f e r e n c e B o a r d (20 ) , a n o n - p r o f i t i n ­
s t i t u t i o n f o r s c i e n t i f i c r e s e a r c h i n t h e f i e l d s o f b u s i n e s s e c o n o m i c s 
a n d m a n a g e m e n t , h a s p u b l i s h e d a s e r i e s o f r e p o r t s o n t h e s u b j e c t o f c o m ­
p e n s a t i o n o f t o p e x e c u t i v e s i n v a r i o u s i n d u s t r i e s . I n t h e s e r e p o r t s , 
t h e r e l a t i o n s h i p o f e x e c u t i v e p a y t o a c o m p a n y ' s s a l e s v o l u m e i s e m p h a ­
s i z e d w h i c h i s t h e n f o l l o w e d b y a d i s c u s s i o n o f t h e r a t i o s o f b a s e 
s a l a r y r e p r e s e n t e d b y i n c e n t i v e a n d b o n u s p a y m e n t s . T h e B u r e a u o f 
L a b o r S t a t i s t i c s o f t h e U n i t e d S t a t e s D e p a r t m e n t o f L a b o r c a n b e m e n ­
t i o n e d a s a n o t h e r i n s t i t u t i o n e n g a g e d i n t h e s t u d y o f w a g e a n d s a l a r y 
d i s t r i b u t i o n s . 
T h e a b o v e l i t e r a t u r e s u r v e y o f t h e d i s t r i b u t i o n o f i n c o m e s l e a d s 
t h e a u t h o r t o t h e c o n c l u s i o n s b e l o w : 
I n s t u d y i n g t h e d i s t r i b u t i o n o f i n c o m e s t h e w e l l k n o w n p r o c e d u r e 
h a s b e e n t o c o m p a r e a c t u a l o b s e r v a t i o n s w i t h a m a t h e m a t i c a l m o d e l . 
A l t h o u g h s u c h a m o d e l i s n e v e r p e r f e c t , m a n y v a l u a b l e c o n c l u s i o n s c a n 
b e d r a w n p r o v i d e d t h e m o d e l c h o s e n g i v e s a n a d e q u a t e f i t t o a s e t o f 
o b s e r v a t i o n s . I f t h e m o d e l s e l e c t e d f a i l s t o f i t t h e o b s e r v a t i o n s 
s u f f i c i e n t l y w e l l , t h e r e i s t h e p o s s i b i l i t y o f m o d i f y i n g o r e v e n c h a n g ­
i n g t h e m o d e l t o o b t a i n a b e t t e r f i t . 
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T h e f o r c e s d e t e r m i n i n g t h e d i s t r i b u t i o n o f i n c o m e s a r e s o v a r i e d 
a n d c o m p l e x , a n d i n t e r a c t a n d f l u c t u a t e c o n t i n u o u s l y , t h a t a n y t h e o r e t ­
i c a l m o d e l m u s t b e e i t h e r s i m p l i f i e d o r h o p e l e s s l y c o m p l i c a t e d . T h e 
g e n e r a l p r o c e d u r e h a s b e e n t o c h o o s e a s i m p l e m o d e l w h i c h c a n b e e a s i l y 
i n t e r p r e t e d r a t h e r t h a n s e l e c t i n g a m o r e c o m p l e x m o d e l w h i c h , w h i l e i t 
g i v e s a b e t t e r f i t , i s m o r e d i f f i c u l t t o a p p l y a n d i n t e r p r e t . I n t h i s 
s t u d y , t h e r e f o r e , t h e a u t h o r h a s s e l e c t e d t h e m o d e l p r o p o s e d b y P a r e t o 
i n a t t e m p t i n g t o a n a l y z e t h e s t r u c t u r e o f w a g e s a n d s a l a r i e s i n t h e 
v a r i o u s i n d u s t r i e s . 
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CHAPTER I I I 
PROCEDURES 
When studying the a s soc ia t ion between two or more v a r i a b l e s , i t 
i s necessary to base the study on various assumptions. Although these 
assumptions may be shown to be reasonable and not incons is tent with the 
observat ions , i t i s , in general , impossible to prove any assumptions 
that are made. In order to l imit the pract i ca l considerations of the 
wage and salary d i s t r ibut ion problem, the assumptions on the bas i s of 
which the observed data w i l l be analyzed can be l i s t e d as fo l lows . 
(1) The theory of economics, as i t appl ies to s u f f i c i e n t l y 
large c o l l e c t i o n of ind iv idua l s , i s measurable using mathematical and 
s t a t i s t i c a l techniques. There e x i s t determinate values which may be 
ascertained within d e f i n i t e l i m i t s of error. 
(2) The a c t i v i t y of large groups of people in r e l a t i o n to the ir 
wants and s a t i s f a c t i o n s i s not random and indeterminate. There i s a 
trend and s tructural re la t ionsh ip for the a c t i v i t y of the group. 
(3) Firms of comparable s i z e in the same industry require per­
sonnel with s imi lar s k i l l s and experience. Even though individual jobs 
and c l a s s i f i c a t i o n s w i l l d i f f e r , the companies tend to organize the ir 
t o t a l work e f for t in such a way that there w i l l be a comparable h i e r ­
archy of pos i t i ons within each firm. 
(4) The bas ic frequency function as applicable to (2) and (3) 
-v 
above can be described by the Pareto formula y * a x , where y 
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represents the number of persons rece iv ing an income of x or more, a 
and v represent the two parameters to be determined for each firm par­
t i c i p a t i n g in the study. 
(5) Income data, obtained by conf ident ia l questionnaires from 
individual establishments in s e l e c t e d manufacturing indus tr i e s , are 
such as to r e f l e c t the pattern of income d i s tr ibut ion being representa­
t i v e of the s i t u a t i o n they refer t o . 
(6) In f i t t i n g a l i n e to c o l l e c t e d data, the deviat ions from the 
f i t t e d l i n e log y = log a - v log x are normally d i s tr ibuted with the 
same v a r i a b i l i t y . The unaccountable v a r i a b i l i t y can be at tr ibuted to a 
number of independent causes , each of which contributes a part of the 
r e s u l t i n g dev iat ion . 
This survey of employee earnings in s e l e c t e d manufacturing in ­
dustr ies represents establishments having 100 or more paid employees. 
The study i s l imited to par t i c ipa t ing firms in 14 manufacturing indus­
try groups s e l e c t e d from Plant and Product Directory (21) which g ives a 
l i s t showing the employment, industry c l a s s i f i c a t i o n (SIC), and locat ion 
of the individual manufacturing establ ishments . 
The term establishment, for the purposes of t h i s study, sha l l 
mean a s ing l e physical locat ion where industr ia l operations are per­
formed. I t i s not neces sar i l y i d e n t i c a l with the company, which may 
cons i s t of one or more establ ishments . 
Data used in the study were gathered by mail quest ionnaires . A 
t o t a l of 211 conf ident ia l quest ionnaires were mailed to the Wage and 
Salary Administrator of the establishments included in the study. Par­
t i c i p a t i n g firms were requested to furnish monthly wage and salary data 
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on seven categories of employees. The request letter directed to the 
Wage and Salary Administrator of each company, the instructions for 
filling out the questionnaires, and the questionnaire are shown on pages 
20, 21, and 22, respectively. 
Replies were received from 19 establishments of which four were 
excluded from the study because the data were incomplete. The calcula­
tions are based on 15 establishments. Table 1 on page 24 gives a tabu­
lation of the number of establishments contacted in the 14 industry 
groups, the SIC code, the product classification, and the number of par­
ticipants from each group. Should the reader be interested, excerpts 
from reply letters of the participating as well as the non-participating 
establishments are illustrated on page 89 in the Appendix. 
The employment positions (see "Instructions" sheet) of a firm 
were divided into seven payroll categories and income data were requested 
on each of these seven. Originally, the intent was also to include a 
comparative study among the seven payroll categories within each company. 
However, the numbers of persons corresponding to several of the payroll 
categories were so small that it was not feasible to analyze the data 
based on payroll classification. It was decided, therefore, to combine 
income data of the seven payroll categories in obtaining the income data 
for a particular company. 
A tabulation of the wage and salary data as furnished by individ­
ual companies is presented in Tables 2 through 4 of this chapter. Capi­
tal letters A through 0 were assigned to identify the respective com­
panies. Then, tables of cumulative frequencies were formed from the 
collected data of the participating establishments* These cumulative 
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GEORGIA INSTITUTE OF TECHNOLOGY 
Atlanta 13, Georgia 
School of 
Industr ia l Engineering November 5, 1962 
The X Y Z Company 
Wage and Salary Administrator 
762 West Kessler Blvd. 
Indianapolis 5, Indiana 
Gentlemen: 
I am writ ing with reference to a research project leading to the MS 
degree and carried out under the d irec t ion of Dr. Joseph Krol, 
Professor of the School of Industr ia l Engineering. My f i e l d of 
i n t e r e s t i s to analyze the s tructure of wages and s a l a r i e s in some 
s e l e c t e d i n d u s t r i e s . In one phase of the projec t , I would l ike to 
e s t a b l i s h whether the Pareto d i s t r i b u t i o n could be use fu l ly applied as 
a quant i ta t ive method of comparison between various industr ies and 
individual companies. 
An extens ive l i t e r a t u r e survey i nves t i ga t ing the bas ic data required 
in the project has been completed. However, some addit ional data, 
not ava i lab le in the Atlanta area, i s needed. I t would be great ly 
appreciated i f you would furnish the requested data as indicated on 
the enclosed questionnaire forms. A l i s t of s p e c i f i c requirements 
i s a l s o enclosed. Your cooperation in f i l l i n g out the questionnaires 
w i l l d e f i n i t e l y contribute to the success of t h i s projec t . 
You can re s t assured that a l l information furnished by your organiza­
t i o n w i l l be held in confidence. The code names A, B, C, e t c . , w i l l 
be used with reference to the par t i c ipa t ing companies for the purposes 
of t h i s study. 
Thank you for your considerat ion in t h i s matter. 
Very t ru ly yours, 
Apel Dido, Graduate Student 
School of Industr ia l Engineering 
E n d s : 8 
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I N S T R U C T I 0 N S 
PLEASE NOTE. Al l information furnished by your organization w i l l 
be held STRICTLY CONFIDENTIAL. 
I . The employment pos i t i ons of your firm has been divided into seven 
payrol l categor ies for the purposes of t h i s study. You are re­
quested to furnish monthly salary and wage data on the following 
categor ies and ONLY IN COLUMN (A) of the quest ionaire . 
1. S c i e n t i f i c - Profess ional Nonsupervisors 
2 . S c i e n t i f i c - Profess ional Supervisors 
3 . Administrative Nonsupervisors 
4 . Administrative Supervisors 
5. Production - Workers Nonsupervisors 
6. Production - Workers Supervisors 
7. Al l Others 
I I . For survey purposes, supervisory sha l l mean those d irect ing the 
a c t i v i t i e s of f ive or more permanently assigned employees. Ad­
min i s tra t ive w i l l cover a l l those who are exempt under the Fair 
Labor Standards Act and who are performing in pos i t i ons consid­
ered as other than s c i e n t i f i c - p r o f e s s i o n a l . Employees such as 
engineers , p h y s i c i s t s , and mathematicians would most cer ta in ly be 
s c i e n t i f i c profess iona l , while those engaged in personnel or in ­
dus tr ia l r e l a t i o n s , accounting, purchasing, maintenance, and 
s imi lar occupations would be categorized as administrat ive . The 
f ina l dec i s ion as to which category to use for an individual em­
ployee or a part icular group of employees w i l l be l e f t to your 
organizat ion. 
I I I . Please indicate the t o t a l number of people employed by your com­
pany on any one of the seven enclosed questionnaire forms in the 
space provided at the bottom of the page. Your cooperation in 
completing the quest ionnaires as soon as poss ib le w i l l be great ly 
appreciated. We would l i k e to have the requested data by 
- f poss ib le at a l l . Thank you very much. 
RETURN ADDRESS: Dr. Joseph Krol, Professor 
School of Industr ia l Engineering 
Georgia I n s t i t u t e of Technology 
Atlanta 13, Georgia 
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SALARY & WAGE INFORMATION QUESTIONNAIRE 
COMPANY: DATE: _ 
PAYROLL CATEGORY: D A T E A S 0 F : 
(date) 





















Under $200 2500 - 2999 
$200 - 299 3000 - 3499 
300 - 399 3500 - 3999 
400 - 499 4000 - 4499 
500 - 599 4500 - 4999 
600 - 699 5000 - 5499 
^ ^ 
1600 - 1699 10000 - 12499 
1700 - 1799 12500 - 14999 
1800 - 1899 15000 - 17499 
1900 - 1999 17500 - 19999 
2000 - 2499 20000 & Over 
TOTAL 100 % 
TOTAL SUM OF ALL THE EMPLOYEES 
IN YOUR COMPANY: 
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frequency t a b l e s , Table 16 through Table 34, can be seen in the Appendix. 
I t should be noted from the cumulative frequency tables that the c l a s s 
mark (X) was a r b i t r a r i l y chosen as the center of the c l a s s i n t e r v a l . 
Employing the method of l e a s t squares, the fol lowing normal equa­
t ions were formed for computing the parameters log a and v in equation 
( 6 ) 1 
N log a - v IE-log x * log y (11) 
JT(log x) log a - v2-(log x ) 2 = £ ( l o g x) ( log y) . (12) 
The values of N , _ _ l o g x , ] j _ l o g y, 5-.(lo8
 x)2» and l£(log x ) ( l o g y) were 
taken from the frequency table of the company being analyzed. The con­
stant N represents the t o t a l number of c l a s s marks in the company's i n ­
come s tructure . Once computed, values of log a and v were subst i tuted 
in equation (6) giving us the desired curve for the part icular company, 
in logarithmic form. 
The 15 individual companies were subjected to s t a t i s t i c a l pro­
cedures as out l ined above. In arriving at the desired curve for a given 
industry, data of a l l the establishments within the same industry were 
combined together . To indicate the c loseness with which the observed 
cumulative frequency values i s represented by the computed va lues , the 
computed values are presented in the cumulative frequency t a b l e s . Both 
the observed and the computed values are graphical ly represented on f u l l 
logarithmic paper in Figures 2 through 20 of Chapter IV. 
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Table 1. Number of Part ic ipat ing Companies Out of Those 
Contacted by Confidential Questionnaires in the 
Various Industr ies 
SIC INDUSTRY GROUP BY 







2111 Cigarettes 12 
2211 Broad-woven Fabric M i l l s , 36 
Cotton 
2311 Men's, Youth's & Boy's 17 
S u i t s , Coats & Overcoats 
2911 Petroleum Refining 12 
3011 Tires & Inner Tubes 5 
3334 Primary Production of 28 
Aluminum 
3519 Internal Combustion Engines 5 
3571 Computing & Accounting 10 
Machines 
3651 Radio & T e l e v i s i o n 5 
Receiving Sets 
3661 Telephone & Telegraph 5 
Apparatus 
3721 Aircraft 53 
3731 Ship Building & Repairing 5 
3732 Boat Building & Repairing 5 
3861 Photographic Equipment & 8 
Supplies 
None 













TOTAL 14 211 19 
NOTEs Income data of four companies were excluded from 
t h i s study because the data were incomplete. 
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Table 2 . Questionnaire Data as Furnished by the Par­
t i c i p a t i n g Companies A Through H 
MONTHLY SALARY NUMBER OF PERSONS (Y) IN COMPANY 
INTERVAL A B C D E F G H 
$200 - 299 0 0 0 0 3 0 7 0 
300 - 399 13 7 0 2 329 2 51 12 
400 - 499 747 983 38 45 737 19 588 574 
500 - 599 1,622 751 199 568 174 29 2,537 338 
600 - 699 234 272 33 305 53 47 269 2,653 
700 - 799 141 147 10 99 45 25 333 144 
800 - 899 110 84 11 20 25 10 206 218 
900 - 999 51 36 5 6 12 4 122 136 
1000 - 1099 27 17 0 3 5 2 85 76 
1100 - 1199 1 5 0 3 2 1 75 64 
1200 - 1299 0 3 0 1 1 0 49 40 
1300 - 1399 0 0 0 0 2 0 46 13 
1400 - 1499 0 0 0 0 1 0 22 17 
1500 - 1599 0 0 0 1 6 0 13 11 
1600 - 1699 0 0 0 0 0 0 2 4 
1700 - 1799 0 0 0 0 1 0 0 1 
2000 - 2499 0 0 0 1 1 0 0 0 
20,000 Over 0 0 0 0 0 0 35 0 
Tota ls 2,946 2,305 296 1,054 1,397 139 4,440 4,301 
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Table 3 . Questionnaire Data as Furnished by the 
Part ic ipat ing Companies I Through 0 
MONTHLY SALARY NUMBER OF PERSONS (Y) IN COMPANY 
INTERVAL I J K L M N 0 
$200 - 299 0 0 48 53 0 734 5,948 
300 - 399 1,020 0 58 182 363 316 2,936 
400 - 499 2,464 2 1,203 2,832 1,684 406 349 
500 - 599 1,067 136 235 1,168 3,341 258 229 
600 - 699 213 162 52 487 1,804 122 72 
700 - 799 200 177 24 325 925 57 39 
800 - 899 137 143 15 447 761 29 28 
900 - 999 149 131 4 104 545 7 16 
1,000 - 1,099 41 127 2 103 361 2 oo 
1,100 - 1,199 17 88 0 46 203 0 6 
1,200 - 1,299 24 65 0 55 144 3 9 
1,300 - 1,399 8 41 0 18 93 2 6 
1,400 - 1,499 0 30 0 6 46 0 2 
1,500 - 1,599 1 19 0 11 49 0 6 
1,600 - 1,699 6 5 0 11 24 0 1 
1,700 - 1,799 6 1 0 0 0 0 5 
1,800 - 1,899 3 0 0 4 0 2 0 
1,900 - 1,999 2 0 0 3 0 0 1 
2,000 - 2,499 5 1 0 1 0 1 1 
2,500 - 2,999 2 0 0 0 0 0 3 
3,000 - 3,499 1 0 0 0 0 1 0 
3,500 - 3,599 2 0 0 0 0 0 3 
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Table 3 . Questionnaire Data as Furnished by the 
Part ic ipat ing Companies I Through 0 
(Continued) 
MONTHLY SALARY NUMBER OF PERSONS (Y) IN COMPANY 
INTERVAL I J K L M N 0 
5,000 - 5,499 
CM
 0 0 0 0 0 1 
7,000 - 7,499 1 0 0 0 0 0 0 
8,000 - 8,999 0 0 0 0 0 0 1 
L0,000 - 12,499 1 0 0 0 0 0 0 
totals 5,372 1,128 1,641 5,856 10,343 1,940 9,670 




SALARY NUMBER OF PERSONS (Y) IN INDUSTRY 
INTERVAL I I I I I I IV 
$200 - 299 3 7 48 787 
300 - 399 353 63 1,078 861 
400 - 499 2,569 1,162 3,669 4,922 
500 - 599 3,343 2,875 1,438 4,767 
600 - 699 949 2,922 427 2,413 
700 - 799 467 477 401 1,307 
800 - 899 260 424 295 1,237 
900 - 999 114 258 284 656 
1,000 - 1,099 54 161 170 466 
1,100 - 1,199 12 139 105 249 
1,200 - 1,299 5 89 89 202 
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Table 4 . Questionnaire Data Compiled into Four 
Industry Groups 
(Continued) 
MONTHLY SALARY NUMBER OF PERSONS (Y) IN INDUSTRY 
INTERVAL I I I I I I IV 
1,300 - 1,399 
CM
 59 49 113 
1,400 - 1,499 1 39 30 52 
1,500 - 1,599 7 24 20 60 
1,600 - 1,699 0 6 11 35 
1,700 - 1,799 1 1 7 0 
1,800 - 1,899 0 0 
CO
 6 
1,900 - 1,999 0 0 2 3 
2,000 - 2,499 2 0 6 2 
2,500 - 2,999 0 0 2 0 
3,000 - 3,499 0 0 1 1 
3,500 - 3,999 0 0 2 0 
4,000 - 4,499 0 0 0 0 
4,500 - 4,999 0 0 0 0 
5,000 - 5,499 0 0 2 0 
5,500 - 5,999 0 0 0 0 
6,000 - 6,499 0 0 0 0 
6,500 - 6,999 0 0 0 0 
7,000 - 7,499 0 0 1 0 
7,500 - 7,999 0 0 0 0 
8,000 - 8,999 0 0 0 0 
9,000 - 9,499 0 0 0 0 
9,500 - 9,999 0 0 0 0 
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Table 4 . Questionnaire Data Compiled in to Four 
Industry Groups 
(Continued) 
MONTHLY SALARY NUMBER OF PERSONS (Y) IN INDUSTRY 
INTERVAL I 11 U J . IV 
10,000 - 12,499 0 0 1 0 
20,000 & Over 0 35 0 0 
Tota ls 8,137 8,706 10,139 18,139 
Analysis of observed and computed values in Chapter IV revealed 
that , in general , actual income d i s t r ibut ions of the part i c ipat ing com­
panies did not adequately fol low Pareto 1 s law over the ent ire range of 
incomes. I t was decided, therefore , to inves t iga te the p o s s i b i l i t i e s of 
modifying the adopted d i s t r i b u t i o n function y = a x ~ v . 
Chapter V discusses three bas ic approaches undertaken by the 
author in attempts to describe the en t i re income range e i ther by a new 
funct ion, or by the combination of two independent funct ions . Having 
s e l e c t e d the method most f e a s i b l e , data of three individual companies 





In every act of inference we are concerned with a certa in i d e n t i ­
t y , sameness, and resemblance apparent between two o b j e c t s . The p r i n c i ­
pal value of sc ience i s the power to apply to one object the knowledge 
acquired from l i k e o b j e c t s . This i s done by means of the log i c of deduc­
t i o n and the ensuing inference . I t i s only so far as we can discover and 
r e g i s t e r s i m i l a r i t i e s that we can impute value to our observat ions . In 
proportion as resemblance i s deeper and general , the commanding powers 
of inference become stronger. Thus, inference i s the bridge by which we 
pass from case to case . I t i s the purpose of t h i s chapter to trace out 
the various c h a r a c t e r i s t i c s which the income data of the surveyed com­
panies indicate and the poss ib le genera l i za t ions of these character i s ­
t i c s . 
When the data have been c o l l e c t e d and su i tab ly arranged in 
tabular form, the next step in s t a t i s t i c a l procedure i s to represent 
them by some graphical method. Tables 16 through 34 in the Appendix 
show the c lo seness of agreement between the observed and ca lculated 
v a l u e s . To i l l u s t r a t e the c lo seness of f i t between the observed values 
of y and the computed values of y, these values are p lo t t ed on f u l l 
logarithmic paper. Figures 2 through 20 of t h i s chapter graphical ly 
portray the observed and computed income data for each company and 
industry group. 
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We observe that the cumulative income d i s tr ibut ion curves of the 
companies and the industry groups reveal f i ve basic features in common. 
The inherent c h a r a c t e r i s t i c s of the curves can be summed up as fo l lows: 
(a) The general shape of the curves on f u l l logarithmic paper, 
both for the companies and industry groups, i s that of an inverted J. 
(b) Their s lopes are steeper as compared with the Faretian 
slope which has an average value of - 1 .5; the computed values of the 
s lopes for the income data varied between - 2.06165 and - 5.75101 (See 
Table 5) . 
(c) Income data in the upper salary range (Ry) and correspond­
ing to the lower sec t ion of the inverted J f e l l on a s t r a i g h t - l i n e with 
few except ions . This i s ind ica t ive of the fact that the portion of the 
curve representing the d i s t r ibut ion of incomes in range Ry i s in com­
pl iance with the general t h e s i s of Pareto. 
(d) Income data in the lower salary range (R_) and corresponding 
to the curved portion of the inverted J f a i l e d to follow the general 
-v 
pattern of Pareto's formula y • a x . This behavior would suggest 
that the Pareto d i s t r ibut ion does not apply to the major portion of 
range Rj_. 
(e) When extreme values of the income data, e s p e c i a l l y in range 
R^, are excluded from the ca lcu la t ions the general s t r a i g h t - l i n e f i t to 
the remaining portion of the cumulative frequency curve i s appreciably 
improved. 
A summary of the ca lculated Paretian constants in the general 
—v 
equation y = a x i s presented in Table 5 for the individual companies 
and the industry groups. The f i r s t set of values corresponding to a 
Figure 2. Wage and Salary Distribution of Company A 
Figure 3. Wage and Salary D i s t r i b u t i o n of Company B 
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Figure 5 . Wage and Salary D i s t r i b u t i o n of Company D 
Figure 6 . Wage and Salary D i s t r i b u t i o n of Company E 
Figure 7 . Wage and Salary D i s t r i b u t i o n of Company F 
Figure 8 . Wage and Salary D i s t r i b u t i o n of Company G 
Figure 9 . Wage and Salary D i s t r i b u t i o n of Company H 
Figure 10. Wage and Salary Distribution of Company I 
Figure 11. Wage and Salary D i s t r i b u t i o n of Company J 
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Table 5. Comparison of the Paretian Constants Among 
Companies and Industry Groups 
COMPANY 
ALL VALUES OF 
INCOME DATA INCLUDED 
Log a v 
SEVERAL EXTREME VALUES 
OF INCOME DATA EXCLUDED 
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Figure 12. Wage and Salary Distribution of Company K 
Figure 13. Wage and Salary D i s t r i b u t i o n of Company L 
Figure 14. Wage and Salary D i s t r i b u t i o n of Company M 
Figure 15. Wage and Salary D i s t r i b u t i o n of Company N 
47 




















p . , 
• i \ ! 
i 
i T \ l i b ! 
n i 
* i 
\ \ 1 
\ V i 
\\ 
{ \ \\ ' 1 i 
\ J > i 
i \1 i i i 1 i 1 1 















~ 1 ' • \ 
1 ! ' 
n 
\ 
100 1000 1 0 0 0 0 
I N C O M E C L A S S X I N D O L L A R S P E R M O N T H 
Figure 18. Wage and Salary D i s t r i b u t i o n of Industry II 
50 
Figure 19. Wage and Salary D i s t r i b u t i o n of Industry III 
Figure 20. Wage and Salary D i s t r i b u t i o n of Industry IV 
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and v i n T a b l e 5 i s based on computat ions i n c l u d i n g a l l income d a t a . 
I n a r r i v i n g a t the second s e t o f v a l u e s f o r these p a r a m e t e r s , s e v e r a l 
extreme v a l u e s were exc luded f rom income d a t a . I n a d d i t i o n t o the 
c u m u l a t i v e f requency t a b l e s employed i n c a l c u l a t i o n s , s e v e r a l sample 
c a l c u l a t i o n s i l l u s t r a t i n g the manner o f e v a l u a t i n g a and v by the 
method o f l e a s t - s q u a r e s a r e i n c l u d e d i n the Appendix . 
The c u m u l a t i v e f requency curves which were o b t a i n e d f o r each o f 
t h e f i f t e e n companies may be c l a s s i f i e d i n t o one o f t h e f o l l o w i n g t y p e s : 
( a ) those which have a v e r y s teep s l o p e ; (b ) those which have a 
m o d e r a t e l y s teep s l o p e ; and ( c ) those which have a s m a l l s l o p e . 
The above comparisons o f s lope a r e r e l a t i v e t o one a n o t h e r . The 
d i f f e r e n c e s i n s lope used t o form t h e t h r e e c l a s s i f i c a t i o n s a r e f o r the 
e n t i r e range o f the curves which r e p r e s e n t a l l the income d a t a o f the 
p a r t i c u l a r company. Roughly s p e a k i n g , the seven companies A, B, C, D, 
H, J , and K a r e i n group ( a ) , f i v e companies E, F , L , M, and N i n group 
( b ) , and t h r e e companies G, I , and 0 i n group ( c ) . Companies w i t h the 
l a r g e s t number o f employees f e l l i n groups (b) and ( c ) . 
I t i s o f i n t e r e s t t o i n v e s t i g a t e t h e changes i n income d i s t r i ­
b u t i o n by i n c r e a s i n g or decreas ing the s lope o f the g e n e r a l c u r v e . L e t 
AB i n th e accompanying f u l l l o g a r i t h m i c c h a r t , F i g u r e 2 1 , r e p r e s e n t t h e 
g e n e r a l income curve based on c u m u l a t i v e da ta and w i t h t h e assumption 
t h a t i t f o l l o w s P a r e t o ' s g e n e r a l l a w . Suppose t h a t the income curve b e ­
tween t h e two incomes X Q and X 0 + has been e s t a b l i s h e d f rom t h e 
observed income da ta o f t h e company. A l s o , l e t Y Q and Y Q + i n d i c a t e 
the cor responding number of persons i n income c l a s s X Q and X Q + X^ . 
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CO 
LOGARITHM OF INCOMES 
F i g u r e 2 1 . Changing t h e S lope of t h e Income Curve 
A f t e r s e l e c t i n g a p o i n t P on t h e income curve a r b i t r a r i l y , we l e t 
t h e income curve AB take t h e p o s i t i o n A'B' and A"B" by r e v o l v i n g i t 
about t h e p o i n t P. At p o s i t i o n A'B' we observe t h a t a l l the employees 
o f t h e company r e c e i v e t h e same amount of income. However, a t p o s i t i o n 
A"B" we have t h e same number of p e o p l e i n each income c l a s s . Any v a r i a ­
t i o n between t h e two extreme p o s i t i o n s would depend on t h e s l o p e of the 
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curve of each particular company. The facts brought about by the in­
crease or decrease of the slope v might veil be interpreted as a sign 
of increased or decreased inequality of incomes among a group of N 
employees. 
Analyzed data from the 15 companies indicate that the straight-
line of slope v (see Figures 2 through 20 and Table 5) on full loga­
rithmic paper should not be extrapolated to lower income levels and in 
some cases to very high income levels. 
One possible explanation as to why the Pareto law does not hold 
satisfactorily over income range R_ is that the bargaining power of 
labor unions tends to equalize wage incomes. Similarly, at very high 
income levels the income tax laws tend to keep the salaries paid to 
administrative people at a level advantageous to the executive. Thus, 
the theoretically feasible concept of "infinite income" becomes no 
longer practical and distortions in tail end of range R u begin to ap­
pear. 
If the above proposed explanations are in fact true, our obser­
vations would be considered biased and the income data would not 
naturally lend itself to statistical analysis using empirical laws. 
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CHAPTER V 
SEARCH FOR AN ADEQUATE MATHEMATICAL 
DESCRIPTION OF INCOME DISTRIBUTION DATA 
In research and industry one frequently obtains numerical data 
r e l a t i n g two or more fac tors . These factors can be thought of as causes 
and e f f e c t s or, in mathematical terms, as independent and dependent 
v a r i a b l e s . The pract ic ing engineer i s primarily in teres ted in finding 
a function that w i l l su i tab ly express the re la t ionsh ips among these 
var iables accurate ly . The d iscuss ion of t h i s chapter w i l l be l imited 
to the dependency between two var iab les x and y where both are con­
sidered to be continuous. 
The problem i s to determine a s p e c i f i c function, from a given 
se t of numerical data r e l a t i n g two v a r i a b l e s , whose curve i s consis tent 
with that of the observed data. Knowledge of what i s previously known 
or assumed concerning the re la t ionsh ip between the two var iables i s 
important. For the purposes of t h i s study, however, what we desire i s 
some funct ion, c a l l e d an empirical function, which w i l l express mathe­
mat ica l ly the re la t ionsh ip between the two v a r i a b l e s . Since the exact 
form of the re la t ionsh ip i s unknown, some known re la t ionsh ip that w i l l 
express the data w i l l be determined for the range of in t ere s t of the 
v a r i a b l e s . 
There are two bas ic techniques for determining which family of 
curves w i l l most accurately express the data in question. These methods, 
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known as graphical and f i n i t e d i f ferences , r e ly primarily on the prin­
c i p l e that for a large number of re la t ionsh ips certa in constant incre­
mental changes in x r e s u l t in cer ta in constant changes in y. The former 
method u t i l i z e s t h i s pr inc ip le through the procedure of an appropriate 
graphical p lot while the l a t t e r technique i s applied by mathematical 
manipulation. 
Once a su i tab le form for a part icular se t of observed data has 
been determined, the next procedure i s t o ca l cu la te the unknown co­
e f f i c i e n t s . Of the d i f ferent methods avai lable the method of l e a s t -
squares and se l ec ted -po in t s are the most widely used. The former 
incorporates a pr inc ip le whereby the c o e f f i c i e n t s of the general curve 
are determined as a resu l t of minimizing the sum of the squares of the 
c r i t i c a l d is tances between the observed points and the p lo t ted empiri­
cal function. The method of s e l ec ted -po in t s involves s e l e c t i n g a 
certa in number of widely-spaced points of the smoothed data, usual ly 
equivalent in number to the number of unknown c o e f f i c i e n t s , and solving 
the resu l tant simultaneous equations. For a de ta i l ed discussion of the 
above methods the reader i s referred to references (22), (23), and (24) 
in the bibl iography. 
One usual ly has two d i s t i n c t purposes in mind, when obtaining a 
mathematical expression to represent the r e l a t i o n between the var iab le s . 
These purposes ares (a) to determine the physical law underlying the 
observed q u a n t i t i e s ; and (b) to obtain a simple formula, which may or 
may not have a physical b a s i s , but by which an approximate value of one 
variable may be computed from a given value of the other var iab le . In 
the f i r s t case correctness of form i s a necessary considerat ion. In the 
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second, c o r r e c t n e s s of form i s g e n e r a l l y cons idered secondary t o sim­
p l i c i t y and convenience. I t i s wi th the l a t t e r of these t h a t the author 
i s most ly concerned. 
To desc r ibe the e n t i r e range of incomes by an empi r i ca l funct ion 
or f u n c t i o n s , t h r e e d i s t i n c t approaches were under taken . For sake of 
s i m p l i c i t y , the t h r e e d i f f e r e n t methods of a t t a c k s h a l l be r e f e r r e d t o 
as Method I , Method I I , and Method I I I . Method I i s t o formulate a new 
funct ion from the given da ta such t h a t t h i s funct ion would desc r ibe the 
r e l a t i o n between y and x adequate ly and for t he e n t i r e range of incomes. 
Method I I i s t o modify the o r i g i n a l Pa re to formula by in t roduc ing 
a funct ion ( x ) . Since P a r e t o ' s law holds reasonably good for va lues 
of x g r e a t e r than or equal t o a c e r t a i n income, da ta f a l l i n g in range 
R u can be desc r ibed us ing the express ion y = a x ~ v . Data f a l l i n g ou t ­
s ide t h i s range was ca t ego r i zed t o be in the lower income range of 
the d i s t r i b u t i o n curve expressed by the modified equa t ion y = a x ~ v ^ ( x ) . 
S e l e c t i o n of the funct ion (x) i s a r b i t r a r y so long as i t meets the 
d e s i r a b l e requi rements for each p a r t i c u l a r es tab l i shment under i n v e s t i -
gat ion . 
Method I I I i s s i m i l a r t o Method I I , except t h a t the lower s a l a r y 
-c * 
range (R_) of the genera l curve was descr ibed by the funct ion y = Ne 
( x ~ x ( p > where y = number of persons in income c l a s s x ; n • t o t a l number 
of employees in the company; Xq = lowest income c l a s s i n t e r v a l for the 
company; x = income c l a s s ; and c = cons tan t t o be determined from data 
of the company. 
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Method I 
Income da ta of company E was t a b u l a t e d as shown in Table 6, 
Table 20 i n t h e Appendix i s a cumulat ive frequency t a b u l a t i o n of the 
da ta for t h e same company. The v a l u e s for x ve r sus va lues for y , and 
v a l u e s for x ve r sus cumulat ive va lues for y a re p l o t t e d on o rd ina ry 
g r a p h i c a l paper ( r e f e r t o F igure 22 of t h i s c h a p t e r ) . The r e s u l t i n g 
two curves were compared wi th curves having approximately the same 
shape , and the a p p r o p r i a t e func t ion desc r ib ing these curves was s e ­
l e c t e d . The next s t e p was t o determine the va lues of the parameters 
i n the s e l e c t e d funct ion from the observed da ta and us ing the techniques 
d i scussed e a r l i e r i n the c h a p t e r . 
where, y « number of persons in income c l a s s x ; x « income c l a s s , and 
a , b , and c a r e the t h r e e parameters t o be determined from data of the 
company. Based on the method of f i n i t e d i f f e r ences and us ing t a b u l a t e d 
da ta i n Table 6, c a l c u l a t i o n s on page 94 of the Appendix were made t o 
determine the va lues of the pa rame te r s . 
From the computations a, b , and c were found t o be 1.13, -0 .264 , 
and - 0 . 0 0 3 1 , r e s p e c t i v e l y . S u b s t i t u t i n g t he s e va lues in equat ion (13) 
above, we have 
The genera l equa t ion s e l e c t e d i s of the form 
y 5 8 (13) 
y = 1.13 x r 0 . 2 6 4 e - 0 . 0 0 3 1 x (14) 
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Table 6. Tabula ted Income Data of Company E 
y l g x i g y A l g x A l g y A , i g y 
3 $ 250 2.397 0.477 0.147 2.040 +1.176 
329 350 2.544 2.517 0.109 0.350 -1.819 
737 450 2.653 2.867 0.087 -0.627 -2 .566 
174 550 2.740 2.240 0.072 -0 .516 -2.240 
53 650 2.812 1.724 0.063 -0 .071 -1 .724 
,45 750 2.875 1.653 0.054 -0 .256 -1 .653 
25 850 2.929 1.397 0.048 -0 .318 
12 950 2.977 1.079 0.044 -0 .381 
5 1,050 3.021 0.698 0.039 -0.397 
2 1,150 3.060 0.301 0.036 -0 .301 
i—
 1,250 3.096 0.034 +0.301 
2 1,350 3.130 0.301 0.031 -0 .301 
1 1,450 3.161 0.029 +0.778 
6 1,550 3.191 0.778 0.027 -0.778 
0 1,650 3.217 0.026 
1 1,750 3.243 0.024 
0 1,850 3.267 0.023 
0 1,950 3.290 
1 2,250 3.352 
T o t a l s 20,950 47.186 17.031 
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Figure 22. Curve Fitng to Income Dat of Company E 13 
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The computed values of y using equation (14) were far below the observed 
values over the entire range of the income curve. 
Taking income data corresponding to the curve for x versus cumula­
tive y, the general equation (13) was tested again. Results of the cal­
culations based on the selected-points method led to the following 
The calculations are on page 95 in the Appendix. Again the computed 
values of y using relationship (15) were significantly different from 
the observed values. Therefore, the general equation (13) was abandoned. 
Method II 
For the purposes of modifying the adopted Pareto equation only 
over the range as shown in figure 23 of this chapter, the following 
exponential and hyperbolic functions were utilized: 
equation: 
y SB 5.17 x -1,64-0.036 x e (15) 
(x) » ( l - e " c x ) ; and y - a x ~ v ( l - e " c x ) , (16) 
<§> (x) = [1-e ] 5 and y = ax~ v [1-e 3 (17) 
<̂ > (x) = tanh (cx) ; and y = ax" v [tanh (cx)], (18) 
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I N C O M E C L A S S X I N D O L L A R S P E R M O N T H 
Figure 23. Separat ion of Income Curve in to Upper and Lower Ranges 
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It should be noted that the selected exponential and hyperbolic 
functions in equations (16), (17), (18), and (19) have one common 
characteristic. For values of x = 0, ^ ( x ) = 0, and as x approaches 
infinity (x) « 1. 
The expressions (16), (17), (18), and (19) were applied to income 
data of company J. A comparative summary of modified Pareto values 
versus the observed values of income data in range is presented in 
Table 7. It is observed from Table 7 that the computed and the observed 
values differ significantly. This leads us to the conclusion that the 
task of modifying Pareto distribution in range is not such an easy 
one. 
Method III 
We begin with the assumption that the upper salary range R u is 
described adequately by the Pareto expression y = ax~ v. Now, the 
problem is to establish a new independent function such that it describes 
all data over the range R^. The cumulative income data of Company J was 
plotted on ordinary graph paper (Figure 24) and segmented into income 
ranges R u and R 1 . 
Upon close observation of income data for various companies and 
in range R^, the formula below was established based on the general 
shape of income curves, 
y = N e " c ( x " X 0 ) 2 (20) 
In equation (20) the only unknown parameter is c. The value of c will 









550 19,675 7,292 22,296 23,521 1,126 
650 6,459 2,785 7,427 7,999 990 
750 2,537 1,269 2,953 3,257 828 
850 879 504 1,034 1,171 651 
950 435 281 515 601 508 
1,050 187 132 223 269 377 
NOTE: The parameter c was computed at x = $550 and x = $1,050 and by taking 
the average corresponding to these values of x. 
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be detrmined using the inflection-point concept of calculus. After taking the first and second derivative of formula (20), we set it equal to zero and solve for x at the inflection-point. Substiung this value of x in expresion (20), we compute the coresponding value of y at the inflection-point. We have y • Ne"c(x0̂2 from (20), and 
dy - C ( X - X A ) 2 
— - - 2cN(x-0)e °' , (21) Then, the second derivative of 20) becomes 2 2 ±2 - cNe"c<x0) [c(x-xn)2-l], (22) d̂  u 
d2y Seting —J- • 0, and solving for the inflection-point value of x we get, dzx x - x0 + 1 . (23) 
v/2c" By substiuting (XQ + 1) for x in equation (20) V2T y = _N_ = 0.66 N. (24) Thus, for al companies under investigation the inflection points x and y for the adopted general equation over income range is given by equations (23) and (24). Equation (24) states that, in round figures, Rl comprise about 40% of al company's employes, while Ru comprise 
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INCOME CLAS X IN DOLARS PER MONTH Figure 25. Pareto Curve Fited to Dat of Company J in Range Ru 
Table 8. Cumulative Frequency Tabulation for Data of Company J 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) (v) Computed Computed y 
(y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 





950 508 2.97772 2.07586 8.05729 8.86682 24.43029 2.99202 981.79 
1,050 377 3.02119 2.57634 7.78361 9.12759 24.78693 2.63538 431.90 
1,150 250 3.06070 2.39794 7.33938 9.36788 25.11108 2.31123 204.76 
1,250 162 3.09691 2.20952 6.84269 9.59085 25.40816 2.01415 103.31 
1,350 97 3.13033 1.98677 1.21925 9.79897 25.68235 1.73996 54.95 
1,450 56 3.16137 1.74819 5.52668 9.99426 25.93702 1.48529 30.57 
1,550 26 3.19033 1.41497 4.51422 10.17821 26.17462 1.24769 17.69 
1,650 7 3.21748 0.84510 2.71909 10.35218 26.39736 1.02495 10.59 
Totals 31.45125 16.18572 49.97847 99.03118 
NOTE: Values corresponding to the $1,750 and $2,250 c l a s s mark are not shown here. 
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607o of the t o t a l . 
Since the t o t a l number of employees N in the company i s known 
and e = 2 . 7 1 8 2 8 , the value of y can be determined from expression ( 2 4 ) . 
Using the smoothed cumulative frequency curves (for example, Figure 26) 
for income data of a company, the corresponding value of x i s es tab­
l i s h e d . Then we subs t i tu te t h i s value of x in expression (23) and so lve 
for the unknown parameter c . Solving for c, we have 
Having determined c we go back to equation (20) and apply i t to 
data of the company in quest ion. Experimental computations indicate 
that dividing the value of c by two before subs t i tu t ing in equation 
(20) appreciably improves the overa l l f i t of the income data. For the 
purposes of t h i s study the value c or w i l l be used in the general 
formula depending upon which g ives be t ter r e s u l t s . 
c = 
1 (25) 
2 ( x - x Q ) 2 ' 
Applicat ion of Method I I I w i l l be i l l u s t r a t e d using data of 
Company J . From the cumulative frequency Table 8 , N = 1128 and X Q = 
$ 4 5 0 . By equation (24) 
y = 
_N = 1128 
/e* 1 .649 6 8 3 . 6 3 
The corresponding value of x from the curve in Figure 24 i s found to 
be $840 approximately. Then we have 
7 0 
I N C O M E C L A S S X I N D O L L A R S ( H U N D R E D S ) P E R M O N T H 
F i g u r e 2 o . D i s t r i b u t i o n o f I n c o m e s f o r D a t a o f C o m p a n y E 
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10000 DOLARS PER INCOME CLAS X IN DOLARS PER MONTH Figure 27. Pareto Curve Fited to Dat of Company E in Range Ru 
Table 9. Cumulative Frequency Tabulation for Data of Company E 
Income Cumulative 
Class Mark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x ) 
( log y) ( log X ) 2 
(v) 








550 328 2.74036 2.51587 6.89439 7.50957 10.97100 2.50248 318.04 
650 154 2.81291 2.18752 6.15330 7.91246 11.26146 2.21202 162.94 
750 101 2.87506 2.00432 5.76254 8.26597 11.51027 1.96321 91.88 
850 56 2.92942 1.74819 5.12118 8.58150 11.72790 1.74558 55,67 
950 31 2.97772 1,49136 4.44085 8.86682 11.92127 1.55221 35.66 
1,050 19 3.02119 1.27875 3.86335 9.12759 12.09530 1.37818 23.88 
1,150 14 3.06070 1c14613 3.50796 9.36788 12.25348 1.22000 16.59 
1,250 12 3.09691 1.07918 3.34212 9,59085 12.39845 1.07503 11.89 
1,350 11 3.13033 1.04139 3.25989 9.79897 12.53224 0.94124 8.73 
1,450 9 3.16137 0.95424 3.01671 9.99426 12.65651 0.81697 6.56 
1,550 oo 3.19033 0.90309 2c88116 10ol7821 12.77245 0.70103 5.02 
Table 9. Cumulative Frequency Tabulation for Data of Company E 
(Continued) 
Income Cumulative 
Class Hark Number of 
(x) Persons log y ( log x) 9 (v) Computed Computed y 
(y) Actual log X Actual ( log y) ( log x r ( log x) log y Cumulative 
$1,750 2 3.24304 0.30103 0.97625 10.51731 12.98347 0.49001 3.09 
2,250 1 3.35218 11.23711 13.42042 0.05306 1.13 
Totals 39.59152 16.65107 49.21970 120.94850 
Table 10. Cumulative Frequency Tabulation for Data of Company F 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) 2 (v) Computed Computed y (y) Actual log X Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 350 139 
450 137 
550 118 
650 89 2.81291 1.94939 5 .48346 7.91246 21.89130 2.05795 114.27 
750 42 2,87506 1.62325 4.66694 8.26597 22.37498 1.57427 37.52 
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c = 1 = 1 
2 ( x - x 0 ) 2 2(840-450)2 
c = — L — = 3.289 x 10" 6 , 
304200 
Thus for Company J Income data in range i s described by the expres­
s ion 
y = 1128 [ e ~ 3 ' 2 8 9 x 1 0 ~ 6 ( x ~ x 0 ) ^ . ( 2 6 ) 
0 
When x = $450, y = 1128 e = 1128.00 
x = $550, y = 1128 e " 0 " 0 3 2 8 
= 1128 (0.971) = 1095.. 
x = $650, y = 1128 e ~ ° ° 1 3 1 2 
= 1128 (0.878) = 990.38 
x = $750, y = 1128 e " 0 " 2 9 5 2 
= 1128 (0.741) = 835.85 
and at x = $850, y = 1128 e ' ° ° 5 2 4 8 
= 1128 (0.589) = 564, 
In the manner described above Method I I I was applied to income 
data of companies E, F, and Industry Group I . The reader i s referred to 
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Figure 29. Pareto Curve F i t t e d t o Data of Company F in Range R u 
Table 10„ Cumulative Frequency Tabulation for Data of Company F 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) 2 ( log x) 
(v) 





$ 850 17 2.92942 1.23045 3.60451 8.58150 22.79804 1.15121 14.16 
950 7 2.97772 0.84510 2.51647 8.86682 23.17393 0.77532 5.96 
1,050 CO
 
3.02119 0.47712 1.44147 9.12759 23.51223 0.43702 2.74 
1,150 1 3.06070 9.36788 23.81971 0.12954 1.35 
Totals 17.67700 6.12531 17.71285 52.12222 
Table 11. Cumulative Frequency Tabulation for Data of Industry I 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) 2 ( v ) Computed Computed y 
(y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
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INCOME CLASS X IN DOLLARS (HUNDREDS) PER MONTH 
F i g u r e 3 0 . D i s t r i b u t i o n o f I n c o m e s f o r D n t a o f I n d u s t r y I 
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Table 11. Cumulative Frequency Tabulation for Data of Industry I 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 





$ 550 5,212 
650 1,869 2.81291 3.27161 9.20275 7.91246 17.06187 3.21382 1636.10 
750 925 2.87506 2.96614 8.52783 8.26597 17.43884 2.83685 686.84 
850 458 2.92942 2.66087 7.79481 8.58150 17.76857 2.50712 321.46 
950 198 2.97772 2.29667 6.83884 8.86682 18.06154 2.21415 163.74 
1,050 84 3.02119 1.92428 5.81362 9.12759 18.32521 1.95048 89.22 
1,150 30 3.06070 1.47712 4.52102 9.36788 18.56486 1.71083 51.38 
1,250 18 3.09691 1.25527 3.88746 9.59085 18.78449 1.49120 30.98 
1,350 13 3.13033 1.11394 3.48700 9.79897 18.9872 1.28849 19.43 
1,450 11 3.16137 1.04139 3.29222 9.99426 19.17548 1.10021 12.59 
1,550 10 3.19033 1.00000 3.19033 10.17821 19.35114 0.92455 8.41 
1,750 oo
 
3.24304 0.47712 1.54732 10.51731 19.67085 0.60484 4.02 
Table 11. Cumulative Frequency Tabulation for Data of Industry I 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) 2 ( V ) Computed Computed y (y) Actual log X Actual ( log y) ( log x) ( log x) log y Cumulative 
$2,250 CM 3.35218 0.30103 1.00911 11.23711 20.33285 
Totals 36.85116 19.78544 59.11231 113.43893 
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Table 12. Comparison of Computed Values Versus Actual Values 
For Data of Company J Based on Method I I I 
Income Class 
Mark (x) y = N e ~ c ^ x ~ x ( p 2 
Actual Values 
of y in Range R̂  
$450 1128.00 1128 
550 1095.29 1126 
650 990.38 990 
750 835.85 828 
850 564.39 651 
Table 13. Comparison of Computed Values Versus Actual Values 
For Data of Company E Based on Method I I I 
Income Class 
Mark (x) y - N e ~ c ( x - x Q )
2 
Actual Values 
of y in Range R̂  
$250 1397.00 1397 
350 1342.52 1394 
450 1179.07 1065 
NOTE. After determining c from the i n f l e c t i o n point , i t 
was divided by 2 because the re su l t ing constant 
improved the f i t t e d curve. 
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Table 14. Comparison of Computed Versus Actual Values 
For Data of Company F Based on Method I I I 
Income Class 
Mark (x) y « N e " c ^ x " x 0 ^ 2 
Actual Values 
of y in Range R̂  
$350 139.00 139 
450 136.22 137 
550 125,66 118 
650 111.48 89 
Table 15. Comparison of Computed Versus Actual Values 
For Data of Industry I Based on Method I I I 
Income Class 
Mark (x) y = Ne">c(x~x(p 2 Actual Values of y in Range R̂  
$250 8137.00 8137 
350 7974,26 8134 
450 7289.13 7781 
550 6337.09 5212 
84 
the tabulated and graphical results pertaining to data of the above 
companies. A summary for computed values of y using Method III versus 
observed values is presented in Tables 12 through 15. 
Remarks 
Analytical investigations of income using the three methods 
indicate that Method III gives the best results. The author feels that 
the empirical formula suggested in Method III is an adequate and satis­
factory description of income data in range R_ for all practical pur­
poses. However, it is not claimed that this is the best representation 
of income data in mathematical terms. An exhaustive study of income 




CONCLUSIONS AND RECOMMENDATIONS 
It must be kept in mind that Pareto distribution is but an 
"empirical" and not a rational law of the distribution of incomes. 
The assumption made is that some disturbing forces cause a distortion 
of the fundamental income curve, which is supposed to be the result of 
a large number of unbiased forces (25). The disturbing forces are a 
composite of elements of skill, technological advances, government 
legislation, union pressure, market demand and supply considerations, 
and personal circumstances favoring the acquisition of income. 
In applying the Pareto distribution to income data of the par­
ticipating companies we have been concerned with wage and salary income 
in various manufacturing industries. After a detailed examination of 
income statistics for the 15 establishments out of 211 contacted, the 
following conclusions have been reached. 
(1) From the practical standpoint, it can be stated that the 
Pareto formula generally fits well limited portions of the observed 
income curve, with different values of v. However, Pareto 8s law failed 
to represent with sufficient accuracy the actual distribution of the 
income data over the whole range. 
(2) The Pareto law is not extendable to incomes in the lower 
wage and salary range R^. Extension of logarithmic straight-line to 
range results in the absurd conclusion of an infinite number of 
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persons having incomes just above the $250 amount. 
(3) The value of slope v can be used as an index of inequal i ty 
of incomes in comparing a part icular company with other companies and 
the industry as a whole. The greater the value of v , the l e s s the i n ­
equal i ty of the d i s t r i b u t i o n of income for a given company; and, the 
smaller the value of v , the greater the spread of d i s t r ibut ion for 
incomes. 
(4) The Pareto law can be use fu l ly applied as a quant i tat ive 
method of comparison in analyzing the structure of s a l a r i e s in the 
manufacturing i n d u s t r i e s . 
(5) The s ign i f i cance of Pare to 8 s law l i e s in the fact that i t 
suggests the ex i s tence of an "order" in the d i s t r i b u t i o n of wage and 
salary incomes. The theory of s t a t i s t i c a l r e g u l a r i t i e s in human 
act ions can be extended to the d i s t r ibut ion of incomes in industr ia l 
organizat ions . 
(6) As a useful too l econometric methods of ana lys i s are in ­
valuable to the indus tr ia l engineer, s ince they permit quant i tat ive 
study of the s tructure of economic and industr ia l systems. 
The fol lowing recommendations are made as a r e s u l t of t h i s study: 
(1) S t a t i s t i c a l income data should be c o l l e c t e d through care­
f u l l y prepared questionnaires from a larger fract ion of the companies 
making up a part icu lar industry, and a s imilar ana lys i s should be 
undertaken with these data. 
(2) I t may be argued that i f the Pareto d i s tr ibut ion cannot be 
applied to income s t a t i s t i c s of the 15 companies s tudied, i t i s not 
n e c e s s a r i l y due to the inherent defects of the "law" but to the in -
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accuracies of the s t a t i s t i c s examined. Therefore, future inves t iga t ions 
must be aimed at c o l l e c t i n g representat ive data which i s accurate and 
complete. 
(3) I t i s widely accepted that the fundamental causes of i n ­
equa l i ty in income d i s t r i b u t i o n are the influence of inheri ted a b i l i t y 
and environmental f a c t o r s . I t would be of i n t e r e s t to ascerta in the 
extent these inf luences a f f ec t the form of the income curve for various 
income c l a s s e s . 
(4) I t i s recommended that more s tudies be undertaken to ascer­
t a i n the ex i s tence of income d i s t r i b u t i o n "patterns" by use of empirical 
formulas other than the Pareto d i s t r i b u t i o n . 
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A P P E N D I X 
89 
PART I 
E x c e r p t s f r o m L e t t e r s 
We h a v e c o m p l e t e d y o u r S a l a r y a n d W a g e Q u e s t i o n n a i r e t o r e f l e c t 
t h e d i s t r i b u t i o n o f o u r e m p l o y e e s b y p a y r o l l c a t e g o r y a n d b y s a l a r y r e ­
c e i v e d . 
We a r e e s p e c i a l l y i n t e r e s t e d i n y o u r r e s u l t s a n d w o u l d a p p r e c i a t e 
r e c e i v i n g a c o p y o f y o u r s t u d y . 
A t y o u r r e q u e s t o f N o v e m b e r 7 , w e h a v e c o m p l e t e d t h e e n c l o s e d 
f o r m s r e f l e c t i n g d i s t r i b u t i o n o f b a s e m o n t h l y s a l a r i e s b y p a y r o l l c a t e ­
g o r y f o r t h e . . . 
A n y a d d i t i o n a l i n f o r m a t i o n r e q u i r e d , o r c l a s s i f i c a t i o n o f t h e 
s u b m i t t e d m a t e r i a l d e s i r e d m a y b e o b t a i n e d b y c o n t a c t i n g t h e u n d e r s i g n e d . 
I am e n c l o s i n g t h e c o m p l e t e d q u e s t i o n n a i r e f o r m s w h i c h y o u r e ­
c e n t l y a d d r e s s e d t o m e . I t r u s t t h a t t h e i n f o r m a t i o n a s s u p p l i e d w i l l 
b e h e l p f u l t o y o u i n t h e p r e p a r a t i o n o f y o u r p r o j e c t . 
We w i s h y o u s u c c e s s i n t h e c o m p l e t i o n o f y o u r s t u d i e s a n d w o u l d 
b e m o s t i n t e r e s t e d t o l e a r n o f t h e c o n c l u s i o n s y o u m a y r e a c h f r o m t h i s 
i n v e s t i g a t i o n . 
E n c l o s e d i s t h e d a t a y o u r e q u e s t e d , c o v e r i n g a t y p i c a l l o c a t i o n 
• • • 
We w o u l d a p p r e c i a t e r e c e i v i n g a c o p y o f t h e r e p o r t w h i c h w i l l b e 
p r e p a r e d . 
P l e a s e f i n d e n c l o s e d s u r v e y w h i c h y o u f o r w a r d e d t o u s f o r c o m ­
p l e t i o n . 
I w o u l d l i k e t o p o i n t o u t t h a t t h e d i f f e r e n t c l a s s i f i c a t i o n s 
c o u l d w e l l b e m i s l e a d i n g i n t h a t i t i s s t r i c t l y o u r i n t e r p r e t a t i o n o f 
w h a t y o u w a n t e d i n t h e s u r v e y b e c a u s e i n a c t u a l i t y w e h a v e n o t h i n g 
s i m i l a r t o t h i s b r e a k d o w n i n o u r s a l a r y s t r u c t u r e . 
I r e g r e t t h e n e c e s s i t y o f a d v i s i n g y o u t h a t t h e r e l e a s e o f s u c h 
i n f o r m a t i o n i s n o t i n c o n s o n a n c e w i t h c o m p a n y p o l i c y . 
We a r e s o r r y t h a t w e a r e u n a b l e t o c o m p l y w i t h y o u r r e q u e s t f o r 
s a l a r y i n f o r m a t i o n . A s a p r a c t i c a l m e a s u r e w e h a v e m a d e i t o u r p o l i c y 
t o p r o v i d e s a l a r y i n f o r m a t i o n o n l y o n a r e c i p r o c a l b a s i s w i t h o t h e r 
i n d u s t r i a l o r i n s t i t u t i o n a l o r g a n i z a t i o n s . 
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The information which you requested in reference to s a l a r i e s i s 
termed as "Class i f ied Material" with the . . „ , and we would not be able 
to give t h i s data at t h i s time. 
I must s t a r t t h i s l e t t e r b y indicat ing that we r e g r e t f u l l y cannot 
furnish the information you des i re . 
We are very in teres ted in the subject matter of your research 
pro jec t . We ul t imate ly hope to u t i l i z e t h i s technique in our comparison 
e f f o r t s as we would be most in teres ted in the comparative p r o f i l e s of 
our company and the industry as a whole. 
We find that unfortunately, our records are not se t up in s u c h a 
w a y t h a t we can read i ly s u p p l y the data you r e q u e s t . I t would r e q u i r e 
a n a o M m e m t a l e f for t a t t h i s y e a r - e n d c los ing time to p u l l out t h e in ­
formation and report i t s a t i s f a c t o r i l y t o y o u . 
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PART I I 
Sample Calculat ions for Chapter IV 
Company A; 
N log a - v 21 log x = log y 
( _Llog x) log a - v ____ (log x ) 2 = (log x)(log y) 
7 log a - 20.41736 v * 14.23069 
20.41736 log a - 59.63179 v = 40.82328 
142.92152 log a - 416.86859 v = 290.55312 
142.92152 log a - 417.42253 v = 285.76296 
0 + 0.55394 v = 4.79016 
4.79016 _ o „ 7 A -
v " 0755394 " 8 - 6 4 7 4 3 
7 log a = 14.23069 + (20.41736)(8.64743) 
= 14.23069 + 176.55769 
log a = 190.78838 = 27.44517 
7 
The computed equation for Company A comes out to be. 
log y = 27.44517 - 8 . 64743 log x . 
Company 0 ; 
22 log a - 68.4622 v = 36.77517 
64.46222 log a - 216.01190 v = 106.95554 
1506.16884 log a - 4687.07557 v = 2517.70978 
1506.16884 log a - 4752.26180 v = 2353.02188 
0 + 65.18623 v = 164.68790 
v . 164.68790 = 2 5 W 2 
65.18623 
22 log a = 36.77517 + (68.46222)(2.52642) 
= 36.77517 + 172.96432 
log a = 209.73949 = 9 a 5 3 3 6 1 
The computed equation for Company 0 comes out to be; 
log y = 9.53361 - 2.52642 log x. 
INDUSTRY I : 
16 log a - 47.18674 v = 35.21424 
47.18674 log a - 140.21043 v = 98.94711 
754.98784 log a - 2226.58843 v = 1661.64519 
754.98784 log a - 2243.36688 v = 1583.15376 
0 + 16.77845 v = 78.49143 
v = 78.49143 . 4 > 6 7 8 U 
16.77845 
16 log a * 35.21424 + (47.18674)(4.67811) 
= 35.21424 + 220.74476 
log a = 2 5 5 ; 9 5 9 0 0 - 15.99744 
16 
The computed equation for Company I comes out t o be; 
log y = 15.99744 - 4.67811 log x. 
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PART I I I 
Subst i tut ing THE VALUE of c iii (3) AND SOLVING FOR b , we get b = -0 .264 . 
From THE RELATION (WHERE, SLLOG y = 17.031; N = 18; 51 LOG x = 
20,950;) 
Calculat ions for the Method of F in i t e Differences 
I t can be shown that the re la t ionsh ip 
A| log y = b log 3 + 2 cx log e 
i s true . Using data of Table 6 we proceed as follows? 
-3.209 = 3 b log 3 + 2c (250+350+450) log e , (1) 
-5.617 • 3 b log 3 + 2c (550+650+750) log e. (2) 
Simplifying (1) and (2) we get 
-3.209 = 1.431 b + 913.5 c (3) 
-5.617 » 1.431 b + 1696.5 c . (4) 
Solving (3) and (4) simultaneously, 
c = - 2 « 4 0 8 = -0.00308 A*-0 .0031 . 
783 
95 
___log y = N log a - b ( ___log x) - c ( _£x) log e 
l n(yj/y2) " [(xi-X2)/(x!-x 3)] ln(yi/y 3) 
b = ^ ^ 
ln(xi/x 2) - [ (xi-x 2)/(x 1-x 3)] ln^/x;}) 
- l n ( y i / y 9 ) - b In (xi/x 9) 
(x x - x 2 ) * a n 
-b -cx, a = e 1 . 
The widely spaced selected points were x_ = 35, x 2 = 55, x^ = 95, 
yl = 1394, y 2 « 328, and y 3 = 31. 
From the above relations a, b, and c were found to be 5.17, 
-0.03549, and -1.64, respectively. The general equation (1) of Chapter 
the value of the parameter a is found to be 1.13. Then the general 
equation (1) in Chapter V becomes 
y - 1.13 x-0.264 e-0.0031x # ( 5 ) 
Substituting values of x in (5) above gives very small values of 
y which is not consistent with the observed values. 
Calculations for the Method of Selected Points 
We are to determine the parameters a, b, and c in the general 
b cx 
equation y = ax e using the method of selected points. It can be 
shown that a, b, and c are expressed by the expressions below (23): 
96 
V t a k e s t h e f o r m 
y - 5.17 » - l . « * . - 0 . 0 3 6 « . ( 6 ) 
A g a i n s u b s t i t u t i o n o f v a l u e s f o r x r e s u l t s i n c o r r e s p o n d i n g v a l u e s o f y 
w h i c h d i f f e r s i g n i f i c a n t l y f r o m t h e o b s e r v e d v a l u e s . 
PART IV 
Table 16. Cumulative Frequency Tabulation for Data of Company A 
Income Cumulative 
Class Mark Number of 
(x) Persons 
( y ) Actual log X 
log y 
Actual 
( log x) 
( log y ) ( log x ) 2 
(v) 





i 350 2,946 450 2,933 
550 2,186 2.74036 3.33965 9.15184 7.50957 23.69708 3.74809 5598.60 
650 564 2.81291 2.75128 7.73910 7.91246 24.32444 3.12073 1320.50 
750 330 2.87506 2.51851 7.24087 8.26597 24.86188 2.58329 383,08 
850 189 2.92942 2.27646 6,66871 8.58150 25.33195 2.11322 129.78 
950 79 2.97772 1.89763 5.65061 8.86682 25.74963 1.69554 49.61 
1,050 28 3.02119 1,44716 4.37215 9.12759 26.12553 1,31964 20.88 
1,150 1 3.06070 9.36788 26.46719 0.97798 9.51 
Totals 20,41736 14.23069 40.82328 59.63179 
Table 17. Cumulative Frequency Tabulation for Data of Company B 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) 2 ( v ) Computed Computed y 
(y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 350 2,305 
450 2,298 
550 1,315 2.74036 3.11893 8.54699 7.50957 19.87301 3.32514 2114.20 
650 564 2.81291 2.75128 7.73910 7.91246 20.39914 2.79901 629.52 
750 292 2.87506 2 046538 7.08812 8.26597 20.84985 2.34830 223,00 
850 145 2.92942 2.16137 6.33156 8.58150 21.24407 1.95408 89.97 
950 61 2.97772 1.78533 5.31621 8.86682 21.59434 1.60381 40.16 
1,050 25 3.02119 1,39794 4.22344 9.12759 21.90958 1.28857 19.43 
1,150 8 3.06070 0,90309 2,76409 9.36788 22.19611 1,00204 10.05 
1,250 3 3.09691 0.47712 1.47760 9.59085 22.45870 0.73945 5.49 
Totals 23.51427 15.06044 43.48711 69.22264 
Table 18. Cumulative Frequency Tabulation for Data of Company C 
Inc ome Cumu1ative 
Class Mark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 





$ 450 296 2.65321 2.47129 6.55685 7.03952 14.87883 2.66150 458.67 
550 258 2.74036 2.41162 6.06871 7.50957 15.36756 2.17277 148.86 
650 59 2.81291 1.77085 4.98124 7.91246 15.77441 1.76592 58.34 
750 26 2.87506 1.41497 4.06812 8.26597 16.12293 1.41740 26.15 
850 16 2.92942 1.20412 3 A 52737 8.58150 16.42778 1.11255 12.96 
950 5 2.97772 0.69897 2.08134 8.86682 16.69864 0.84169 6.95 
16.94241 0.59792 3.96 
17.16398 0.37635 2.38 
17.36704 0.17329 1.49 
Totals 48,17584 
Table 19. Cumulative Frequency Tabulation for Data of Company D 
Income Cumulative 
Class Hark Number of 
O ) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) 2 ( log x) 
(v) 





$ 350 1,054 2.54407 3.02284 7.69032 6.47229 12.09123 3.45898 2877.30 
450 1,052 2.65321 3.02202 8.01805 7.03952 12.60994 2.94027 871.02 
550 1,007 2.74036 3.00303 8.22938 7.50957 13.02414 2.52607 335.79 
650 439 2.81291 2.64246 7.43300 7.91246 13.36895 2.18126 151.80 
750 134 2.87506 2.12710 6.11554 8.26597 13.66433 1.88588 76.89 
850 35 2.92942 1.54407 4.52323 8.58150 13.92268 1.62753 42.42 
950 15 2.97772 1.17609 3.50207 8.86682 14.15224 1.39797 25.00 
1,050 9 3.02119 0.95424 2.88294 9.12759 14.35884 1.19137 15.54 
1,150 6 3.06070 0.77815 2.38168 9.36789 14.54662 1.00359 10.08 
1,250 3 3.09691 0.47712 1.47760 9.59085 14.71872 0.83149 6.78 
1,550 2 3.19033 0.30103 0.96039 10.17821 15.16271 0.38750 2.44 
Table 19. Cumulative Frequency Tabulation for Data of Company D 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) (v) Computed Computed y 
(y) Actual log x Actual ( log y) ( log x) (log x) log y Cumulative 
$2,250 1 3.35218 11.23711 15.93194 
Totals 35.25406 19.05015 53.21420 104.14978 
Table 20. Cumulative Frequency Tabulation for Data of Company E 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) (v) Computed Computed y 
(y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 250 1,397 2.39794 3.14520 7.54200 5.75012 8.66793 3.61555 4126.20 
350 1,394 2.54407 3.14426 7.99922 6.47229 9.19615 3.08733 1222.70 
450 1,065 2.65321 3.02735 8.03220 7.03952 9.59066 2.69282 492.97 
550 328 2.74036 2.51587 6.89439 7.50957 3.90569 2.37779 238.67 
650 154 2.81291 2.18752 6.15330 7.91246 10.16794 2.11554 130.48 
750 101 2.87506 2.00432 5.76254 8.26597 10.39259 1.89089 77.79 
Table 20. Cumulative Frequency Tabulation for Data of Company E 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons 
( y ) Actual log X 
log y 
Actual 
( log x) 
( log y ) 2 ( log x) 
(v) 





$ 850 56 2.92942 1.74819 5.12118 8.58150 10.58909 1.69439 49.48 
950 31 2.97772 1.49136 4.44085 8.86682 10.76368 1.51980 33.10 
1,050 19 3.02119 1.27875 3.86335 9.12759 10.92082 1.36266 23.05 
1,150 14 3.06070 1.14613 3.50796 9.36788 11.06364 1.21984 16.59 
1,250 12 3.09691 1.07918 3.34212 9.59085 11.19452 1.08896 12.27 
1,350 11 3.13033 1.04139 3.25989 9.79897 11.31533 0.96815 9.29 
1,450 9 3.16137 0.95424 3.01671 9.99426 11.42753 0.85594 7.18 
1,550 8 3.19033 0.90309 2.88116 10.17821 11.53221 0.75127 5.64 
1,750 2 3.24304 0.30103 0.97625 10.51731 11.72275 0.56073 3.64 
2,250 1 3.35218 11.23711 12.11726 0.16622 1.47 
Totals 47.18674 25.96788 72.79312 140.21043 
Table 21. Cumulative Frequency Tabulation for Data of Company F 
Income Cumu lat ive 
Class Hark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) 
2 
( log x) 
(v) 







550 118 2.74036 2.07188 5.67770 7.50957 17.96331 2.32737 212.51 
650 89 2.81291 1.94939 5.48346 7.91246 18.43888 1.85180 71.09 
750 42 2.87506 1.62325 4.66694 8.26597 18.84628 1.44440 27.82 
850 17 2.92942 1.23045 3.60451 8.58150 19.20261 1.08807 12.25 
950 7 2.97772 0.84510 2.51647 8.86682 19.51922 0.77146 5.91 
1,050 3 3.02119 0.47712 1.44147 9.12759 19.80417 0.48651 3.07 
1,150 1 3.06070 9.36788 20.06316 0.22752 1.69 
Totals 20.41736 8.19719 23.39055 59.63179 
Table 22. Cumulative Frequency Tabulation for Data of Company G 
Income Cumulative 
Class Mark Number of 
Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) 2 ( log x) 
(v) 







450 4,382 2.65321 3.64167 9.66212 7.03952 9.83495 3.79377 6219.70 
550 3,794 2.74036 3.57910 9.80802 7.50957 10.15799 3.47073 2956.20 
650 1,257 2.81291 3.09934 8.71817 7.91246 10.42692 3.20180 1591.50 
750 988 2.87506 2.99476 8.61012 8.26597 10,65730 2.97142 936.32 
850 655 2.92942 2.81624 8.24995 8.58150 10.85880 2.76992 588.74 
950 449 2.97772 2.65225 7.89766 8.86682 11.03784 2.59088 389.83 
1,050 327 3.02119 2.51455 7.59693 9.12759 11.19898 2.42974 268.99 
1,150 242 3.06070 2.38382 7.29616 9.36789 11.34543 2.28329 192.00 
1,250 167 3.09691 2.22272 6.88356 9.59085 11.47966 2.14906 140.95 
1,350 118 3.13033 2.07188 6.48567 9.79897 11.60354 2.02518 105.97 
1,450 72 3.16137 1.85733 5.87171 9.99426 11.71860 1.91012 81.31 
1,550 50 3.19033 1.69897 5.42028 10.17821 11.82595 1.80277 63.50 
Table 22. Cumulative Frequency Tabulation for Data of Company G 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) (v) Computed Computed y 
(y) Actual log X Actual ( log y) ( log x ) Z ( log x) log y Cumulative 
$ 1,650 37 3.21748 1.56820 5.04565 10.35218 11.92659 1.70213 50.37 
21,250 35 
Totals 38.86699 33.10083 97.54600 116.58579 
Table 23. Cumulative Frequency Tabulation for Dat a of Company H 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) (v) Computed Computed y 
(y) Actual log X Actual ( log y) ( log x ) Z ( log x) log y Cumulative 
$ 350 4,301 
450 4,289 
550 3,715 
650 3,377 2.81291 3.52853 9.92544 7.91246 19.14194 3.61773 4147.00 
750 724 2.87506 2.85974 8.22192 8.26597 19.56487 3.19480 1566.10 
Table 23 . Cumulative Frequency Tabulation for Data of Company H 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 







$ 850 580 2.92942 2.76343 8.09525 8.58150 19.93479 2,82488 668.16 
950 362 2.97772 2.55871 7.61912 8,68682 20.26347 2.49620 313.48 
1,050 226 3.02119 2.35411 7.11221 9.12759 20.55929 2.20038 158.63 
1,150 150 3.06070 2.17609 6.66036 9.36788 20.82816 1.93151 85,41 
1,250 86 3.09691 1.93450 5.99097 9.59085 21.07457 1.68510 48.43 
1,350 46 3.13033 1.66276 5.20499 9.79897 21.30199 1.45768 28.69 
1,450 33 3.16137 1.51851 4.80057 9.99426 21.51322 1.24645 17.64 
1,550 16 3.19033 1.20412 3.84154 10.17821 21.71029 1.04938 11.20 
1,650 5 3.21748 0.69897 2.24892 10.35218 21.89505 0.86462 7.32 
1,750 1 3.24304 10.51731 22.06898 0.69069 4.91 
Totals 36.71646 23.25947 69.72129 112.55400 
Table 24. Cumulative Frequency Tabulation for Data of Company I 
Income Cumulative 
Class Mark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 





350 5,372 2.54407 3.73014 9,48974 6.47229 6,75245 3.48814 3077.10 
450 4,352 2.65321 3.63869 9.65421 7.03952 7,04212 3.19847 1579.30 
550 1,888 2.74036 3,27600 8.97742 7.50957 7.27344 2,96715 927.15 
650 821 2.81291 2.91434 8.19778 7.91246 7.46560 2,77499 595,65 
750 608 2,87506 2.78390 8.00388 8,26597 7,63096 2,60963 407.04 
850 408 2,92942 2.61066 7.64772 8,58150 7.77524 2.46535 291,98 
950 271 2,97772 2,43297 7,24470 8.86682 7.90344 2.33715 217,35 
1,050 122 3,02119 2.08636 6,30329 9,12759 8.01881 2.22178 166.64 
1,150 81 3.06070 1.90849 5.84132 9.36788 8.12368 2.11691 130.89 
1,250 64 3.09691 1.80618 5.59358 9,59085 8.21979 2.02080 104.91 
1,350 40 3.13033 1.60206 5.01498 9,79897 8.30849 1.93210 85.53 
1,550 32 3,19033 1.50515 4.80193 10.17821 8.46774 1.77285 59.27 
1,650 31 3.21748 1.49136 4,79842 10,35218 8.53980 1.70079 50.21 
1,750 25 3.24304 1,39794 4.53363 10.51731 8.60775 1,63284 42.94 
Table 24. Cumulative Frequency Tabulation for Data of Company I 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) 2 (v) Computed Computed y (y) Actual log X Actual ( log y) ( log x) Clog x) log y Cumulative 
$ 1,850 19 3.26717 1.27875 4.17789 10.67440 8.67169 1.56890 37.06 
1,950 16 3.29003 1.20412 3.96159 10.82430 8.73237 1.50822 32.23 
2,250 14 3.35218 1.14613 3.84203 11.23711 8.89732 1.34327 22.04 
2,750 9 3.43933 0.95424 3.28195 11.82693 9.12864 1.11195 12.94 
3,250 7 3.51188 0.84510 2.96789 12.33330 9,32120 0.91939 8.31 
3,750 6 3.57403 0.77815 2.78113 12.77369 9.48616 0.75443 5.68 
5,250 4 3.72016 0.60206 2.23976 13.83959 9.87401 0,36658 2,33 
7,250 CM 3.86034 0.30103 1.16208 14.90222 
11,250 1 4.05115 16.41182 
Tota ls 73.55904 40.29382 120.51692 238.40448 
Table 25. Cumulative Frequency Tabulation for Data of Company J 
Inc ome Curau 1 at i ve 
L S S Mark 
(x) 
Number of 
Persons log X 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 








750 828 2.87506 2.91803 8.38951 8.26597 19.41045 3.37646 2379.40 
850 651 2.92942 2.81358 8.24216 8.58150 19.77745 3.00946 1022,00 
950 508 2.97772 2.70586 8.05729 8.86682 20.10354 2.68337 482.36 
1,050 377 3.02119 2.57634 7.78361 9.12759 20.39702 2.38989 245,41 
1,150 250 3.06070 2.39794 7.33938 9.36788 20.66377 2,12314 132,79 
1,250 162 3.09691 2.20952 6.84269 9.59085 20.90825 1.87868 75.63 
1,350 97 3.13033 1.98677 6.21925 9.79897 21.13386 1,65305 44.98 
1,450 56 3.16137 1.74819 5.52668 9.99426 21.34342 1,44349 27.77 
1,550 26 3.19033 1.41497 4.51422 10.17821 21.53894 1.24797 17.70 
1,650 7 3.21748 0.84510 2.71909 10.35218 21.72224 1.06467 11.61 
1,750 2 3.24304 0.30103 1.97626 10.51731 21.89480 0.89211 7.80 
Table 25. Cumulative Frequency Tabulation for Data of Company J 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons 
Actual log x 
Computed Computed y 
log y Cumulative 
$2,250 3.35218 llo23711 22.63164 0.15527 1.43 
Totals 37.25577 21.91733 66.61014 115.87865 
Table 26e Cumulative Frequency Tabulation for Data of Company K 
Income Cumulative 
Class Mark Number of 
(x) Persons 
(y) Actual log X 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 





$ 250 1,641 
350 1,593 
450 1,535 2.65321 3.18611 8.45342 7.03952 19.87437 3.21653 1646.40 
550 332 2.74036 2.52114 6.90883 7.50957 20,52719 2.56371 366.20 
650 97 2.81291 1.98677 5.58861 7,91246 21.07064 2.02026 104.78 
750 45 2,87506 1,65321 4.75308 8,26597 21.53618 1,55472 35,87 
Table 26. Cumulative Frequency Tabulation for Data of Company K 
(Continued) 
Income Cumulative 
Class Mark Number of 
(x) Persons log y ( log x) 2 ( v ) Computed Computed y 
(y) Actual log x Actual ( log y) ( log x) ( log x) log x Cumulative 
$ 850 21 2,92942 1,32222 3,87334 8,58150 21,94338 1.14752 14.05 
950 6 2,97772 0.77815 2.31711 8,86682 22,30518 0.78572 6.11 
1,050 2 3,02119 0,30103 0.90947 9.12759 22,63080 0.46010 2.88 
Totals 20.00987 11.74863 32.80386 57,30343 
Table 27, Cumulative Frequency Tabulation for Data of Company L 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) (v) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x ) ^ ( log x) log x Cumulative 
$ 250 5,856 
350 5,803 
450 5,621 
550 2,789 2,74036 3,44545 9.44177 7.50957 14.95069 3.78274 6063.80 
Table 27. Cumulative Frequency Tabulation for Data of Company L 
(Continued) 
Cumulative 




(y) Actual log X 
log y 
Actual 
( log x) 
( log y) 2 ( log x) 
(v) 





$ 650 1,621 2.81291 3.20978 9.02882 7.91246 15.34651 3.38692 2437.40 
750 1,134 2.87506 3.05461 8.78219 8.26597 15.68558 3.04785 1116.50 
850 809 2.92942 2.90795 8.51861 8.58150 15.98215 2.75128 564.00 
950 362 2.97772 2.55871 7.61912 8.86682 16.24567 2.48776 307.44 
1,050 258 3.02119 2.41162 7.28596 9.12759 16.48283 2.25060 178.08 
1,150 155 3.06070 2.19033 6.70394 9.36788 16.69838 2.03505 108.41 
1,250 109 3.09691 2.03743 6.30974 9.59085 16.89594 1.83749 68.79 
1,350 54 3.13033 1.73239 5.42295 9.79897 17.07827 1.65516 45.20 
1,450 36 3.16137 1.55630 4.92004 9.99426 17.24761 1.48582 30.61 
1,550 30 3.19033 1.47712 4.71250 10.17821 17.40561 1.32782 21.27 
1,650 19 3.21748 1.27875 4.11435 10.35218 17.55373 1.17970 15.13 
1,850 8 3.26717 0.90309 2.95055 10.67440 17.82483 0.90860 8.10 
1,950 4 3.29003 0.60206 1.98080 10.82430 17.94955 0.78388 6.08 
Table 27. Cumulative Frequency Tabulation for Data of Company L 
(Continued) 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) 2 ( v ) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$2,250 1 3.35218 11.23711 18.28862 0.44481 2.78 
Totals 46.12316 29.36559 87,79134 142.28207 
Table 28. Cumulative Frequency Tabulation for Data of Company M 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) 2 ( v ) Computed Computed y 
(x) (v) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 350 10,343 
450 9,980 
550 8,296 2.74036 3.91887 10.73912 7.50957 13.50617 4.16194 14519.00 
650 4,955 2.81291 3.69504 10.39382 7.91246 13.86374 3.80437 6373.40 
750 3,151 2.87506 3.49845 10.05825 8.26597 14.17005 3,49806 3148.20 
850 2,226 2.92942 3.34753 9.80632 8.58150 14.43797 3.23014 1698.80 
Table 28. Cumulative Frequency Tabulation for Data of Company M 
(Continued) 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) 2 ( v ) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 950 1,465 2.97772 3.16584 9.42699 8.86682 14.67602 2.99209 981.94 
1,050 920 3.02119 2.96379 8.95417 9.12759 14.89027 2.77784 599,57 
1,150 559 3.06070 2.74741 8.40900 9.36788 15.08500 2.58311 382.92 
1,250 356 3.09691 2.55145 7.90161 9.59085 15.26346 2.40465 253.89 
1,350 212 3.13033 2.32634 7.28221 9.79897 15.42818 2.23993 173.75 
1,450 119 3.16137 2.07555 6.56158 9.99426 15.58116 2.08695 122.17 
1,550 73 3.19033 1.86332 5.94461 10.17821 15.72389 1.94422 87.95 
1,650 24 3.21748 1.38021 4.44081 10.35218 15.85770 1.81041 64.63 
Totals 36.21378 33.53380 99.91849 109.54626 










( log x) 
( l o g y ) d o g x) 
(v) 
( l o g x) 
Computed 
l o g V 
Computed y 
Cumulative 
$ 250 1,940 2.39794 3.28780 7.88395 5. 75012 8.20786 3 . 53351 3416.00 
350 1,206 2.54407 3.08135 7.83917 6. 47229 8.70805 3 . 0332 1079.70 
450 890 2.65321 2.94939 7.82535 7. 03952 9.08162 2. 65975 456.83 
550 484 2.74036 2.68485 7.35746 7. 50957 9.37992 2. 36145 229.85 
650 226 2.81291 2.35411 6.62190 7. 91246 9.62825 2. 11312 129.75 
750 104 2.87506 2,01703 5.79908 8. 26597 9.84099 1. 90038 79.50 
850 47 2.92942 1.67210 4.89828 8. 58150 10.02705 1. 71432 51.80 
950 18 2.97772 1.25527 3.73784 co
 
86682 10.19238 1. 54899 35.40 
1,050 11 3.02119 1.04139 3.14624 9. 12759 10.34117 1. 40020 25.13 
1,250 9 3.09691 0.95424 2.95520 9. 59085 10.60035 1. 14102 13.83 
1,350 6 3.13033 0.77815 2.43587 9. 79897 10.71474 1. 02663 10.63 
1,850 4 3.26717 0.60206 1.96703 10. 67440 11.18313 0. 55824 3,62 
2,250 2 3.35218 0.30103 1.00911 11. 23711 12.09023 
Table 29. Cumulative Frequency Tabulation for Data of Company N 
(Continued) 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) 2 ( V ) Computed Computed y (x) (y) Actual log X Actual ( log y) ( log x) ( log x) log y Cumulative 
$3,250 1 3.51188 12.33330 
Totals 41.31035 22.97877 63.47648 123.16047 
Table 30. Cumulative Frequency Tabulation for Data of Company 0 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) 2 ( v ) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 250 9,670 2.39794 3.98543 9.55682 5.75012 6.05820 3.47541 2988.20 
350 3,722 2.54407 3.57078 9.08431 6.47229 6.42739 3.10622 1277,10 
450 786 2.65321 2.89542 7.68216 7.03952 6.70312 2.83049 676.85 
550 437 2.74036 2.64048 7.23587 7.50957 6.92330 2.61031 407.67 
650 208 2.81291 2.31806 6.52049 7.91246 7.10659 2.42702 267.31 
750 136 2.87506 2.13354 6.13406 8.26597 7.26361 2,27000 186.21 
Table 30. Cumulative Frequency Tabulation for Data of Company 0 
Cumulative 
Income Number of 
Class Mark Persons 
(x) (y) Actual log x 
log y 
Actual 
( log x) 
d o g y) d o g x) 
(v) 





$ 850 97 2.92942 1.98677 5.82008 8.58150 7.40095 2.13266 135.73 
950 69 2.97772 1.83885 5.47558 8.86682 4.52297 2.01064 102.48 
1,050 53 3.02119 1.72428 5.20938 9.12759 7.63279 1.90082 79.58 
1,150 45 3.06070 1.65321 5.05998 9.36788 7.73261 1,80100 63.24 
1,250 39 3.09691 1.59106 4.92737 9.59085 7.82410 1.70951 51.228 
1,350 30 3.13033 1.47712 4.62387 9.79897 7.90853 1.62508 42.177 
1,450 24 3.16137 1.38021 4.36335 9.99426 7.98695 1.54666 35.210 
1,550 22 3.19033 1.34242 4.28276 10.17821 8.06011 1.47350 29.751 
1,650 16 3.21748 1.20412 3.87423 10.35218 8.12871 1.40490 25.404 
1,850 15 3.26717 1.17609 3.84249 10,67440 8.25424 1.27937 19.027 
1,950 10 3.29003 1.00000 3.29003 10.82430 8.31200 1.22161 16.658 
2,250 9 3.35218 0.95424 3.19878 11.23711 8.46901 1.06460 11,604 
2,750 co
 
3.43933 0.90309 3.10602 11.82899 8.68919 0.84442 6.9891 
4,250 5 3,62839 0.69897 2.53614 13.16521 9.16684 0.36677 2.3268 
Table 30. Cumulative Frequency Tabulation for Data of Company 0 
(Continued) 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) (v) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$5,750 2 3.75967 0.30103 1.13177 14.13512 9.49851 0.03510 1.0842 
8,250 1 3.91645 15.33858 
Totals 68.46222 36.77517 106.95554 216.01190 
Table 31. Cumulative Frequency Tabulation for Data of Industry I 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) 2 ( v ) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 250 8,137 2.39794 3.91046 9.37705 5.75012 11.21783 4.77961 60202.00 
350 8,134 2.54407 3.91030 9.94808 6.47229 11.90144 4.09600 12474.00 
450 7,781 2.65321 3.89104 10.32375 7.03952 12.41201 3.58543 3849.80 
550 5,212 2.74036 3.71700 10.18592 7.50957 12.81971 3.17773 1505.70 
650 1,869 2.81291 3.27161 9.20275 7.91246 13.15910 2.83834 689.19 
Table 31. Cumulative Frequency Tabulation for Data of Industry I 
(Continued) 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x ) (v) Computed Computed y 
(x) (y) Actual log X Actual ( log y) ( log x ) 2 ( log x) log y Cumulative 
$ 750 925 2.87506 2.96614 8.52783 8.26597 13.44985 2.54759 352.85 
850 458 2.92942 2.66087 7.79481 8.58150 13,70415 2.29329 196.47 
950 198 2.97772 2.9667 6.83884 8.86682 13.93010 2.06734 116.77 
1,050 84 3.02119 1.92428 5.81362 9.12759 14.13346 1.86398 73.11 
1,150 30 3.06070 1.47712 4.52102 9.36788 14.31829 1.67915 47.77 
1,250 18 3.09691 1.25527 3.88746 9.59085 14.48769 1.50975 32.34 
1,350 13 3.13033 1.11394 3.48700 9.79897 14.64403 1.35341 22.56 
1,450 11 3.16137 1.04139 3.29222 9.99426 14.78924 1.20820 16.15 
1,550 10 3.19033 1.00000 3.19033 10.17821 14.92472 1.07272 11.82 
1,750 3 3.24304 0.47712 1.54732 10.51731 15.17130 0.82614 6.69 
2,250 2 3.35218 0.30103 1.00911 11.23711 15.68187 0.31557 2.07 
Totals 47.18674 35.21424 98.94711 140.21043 







log y ( log x) 2 ( v ) Computed Computed y 
log x Actual ( log v) ( log x) ( log x) log y Cumulative 
$ 250 8,706 
350 8,699 
450 8,636 2.65321 3.93631 10.44386 7.03952 15.20151 4.50079 31680.00 
550 7,474 2.74036 3.87355 10.61492 7.50957 15.70084 4.00146 10034.00 
650 4,599 2.81291 3.66266 10.30273 7.91246 16.11651 3.58579 3853.00 
750 1,677 2.87506 3.22453 9.27072 8.26597 16.47260 3.22970 1697.10 
850 1,200 2.92942 3.07918 9.02021 8.58150 16.78405 2.91825 828.42 
950 776 2.97772 2.88986 8.60519 8.86682 17.06079 2.64151 438.04 
1,050 518 3.02119 2.71433 8.20051 9.12759 17.30985 2.39245 246.86 
1,150 357 3.06070 2.55267 7.81296 9.36789 17.53622 2.16608 146.58 
1,250 218 3.09691 2.33846 7.24200 9.59085 17.74368 1.95862 90,91 
1,350 129 3.13033 2.11059 6.60684 9.79897 17.93516 1.76714 58.50 
1,450 70 3.16137 1.84510 5.83304 9.99426 18.11301 1.58929 38.84 
1,550 31 3.19748 1.49136 4.75793 10.17821 18.27893 1.42337 26.51 
Table 32 . Cumulative Frequency Tabulation for Data of Industry I I 
(Continued) 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) (v) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x ) 2 ( log x) log y Cumulative 
$1,650 7 3.21748 0.84510 2.71909 10.35218 18.43449 1.26781 18.53 
1,750 1 3.24304 10.51731 18.58093 1.12137 13.22 
Totals 42.11003 34.56370 101.43000 127.10310 
Table 33. Cumulative Frequency Tabulation for Data of Industry I I I 
Cumulative 
Income Number of 
Class Mark Persons log y ( log x) 2 ( v ) Computed Computed y 
(x) (y) Actual log x Actual ( log y) ( log x) ( log x) log y Cumulative 
$ 250 10,139 
350 10,091 
450 9,013 2.65321 3.95487 10.49310 7.03952 10.76349 4.02717 10646.00 
550 5,344 2.74036 3.72787 10.21571 7.50957 11.11704 3.67362 4716.60 
Table 33. Cumulative Frequency Tabulation for Data of Industry I I I 
(Continued) 
Cumulative 




(y) Actual log X 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 





$ 650 1,906 2.81291 3.28012 9.22668 7,91246 11.41136 3.37930 2395.00 
750 1,479 2.87506 3.16997 9.11385 8.26597 11.66349 3.12717 1340.20 
850 1,078 2.92942 3.03262 8.88382 8.58150 11.88401 2.90665 806.59 
950 783 2.97772 2.89376 8.61681 8.86682 12.07995 2.71071 513.70 
1,050 499 3.02119 2.69810 8.15147 9.12759 12.25630 2.53436 342.27 
1,150 329 3.06070 2.51720 7.70439 9.36789 12.41659 2.37407 236.63 
1,250 224 3.09691 2.35025 7.27851 9.59085 12.56348 2.22718 168.73 
1,350 135 3.13033 2.13033 6.66864 9.79897 12.69906 2.09160 123.48 
1,450 86 3.16137 1.93450 6.11567 9.99426 12.82498 1.96568 92.402 
1,550 56 3.19033 1.74819 5.57730 10.17821 12.94247 1.84819 70.50 
1,650 36 3.21748 1.55630 5.00736 10.35218 13.05261 1.73805 54.71 
1,750 25 3.24304 1.39794 4,53358 10.51731 13.15630 1.63436 43.09 
1,850 18 3.26717 1.25527 4.10118 10.67440 13,25419 1.53647 34.393 
1,950 15 3.29003 1.17609 3.86937 10.82430 13.34693 1.44373 27.780 
Table 33. Cumulative Frequency Tabulation for Data of Industry I I I 
(Continued) 
Cumulative 




(v) Actual log x 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 





$2,250 13 3.35218 1.11394 3.73413 11.23711 13.59906 1.19160 15.546 
2,750 7 3.43933 0.84510 2.90658 11.82899 13.95261 0.83805 6.890 
3,250 5 3.51188 0.69897 2.45470 12.33330 14.24692 0.54374 3.497 




Totals 62.54465 42.08345 126.80463 196.77489 
to 
Co 







log y ( log x) (v) Computed Computed y 
log x Actual ( log y) ( log x ) 2 ( log x) log y Cumulative 
$ 250 18,139 
350 17,352 
450 16,491 2.65321 4.21724 11.18922 7.03952 14.90313 4.80661 64064.00 
550 11,569 2.74036 4.06329 11.13488 7.50957 15.39266 4.31708 20753.00 
650 6,802 2.81291 3.83264 10.78087 7.91246 15.80017 3.90957 8120.30 
750 4,389 2.87506 3.64237 10.47203 8.26597 16.14927 3.56047 3634.70 
850 3,082 2.92942 3.48883 10.22025 8.58150 16.45461 3.25513 1799.40 
950 1,845 2.97772 3.26600 9.72523 8.86682 16.72591 2.98383 963.46 
1,050 1,189 3.02119 3.07518 9.29070 9.12759 16.97008 2.73966 549.11 
1,150 723 3.06070 2.85914 8.75097 9.36789 17.19201 2.51773 349.41 
1,250 474 3.09691 2.67578 8.28665 9.59085 17.39541 2.31433 206.22 
1,350 272 3.13033 2.43457 7.62101 9.79897 17.58313 2.12661 133.85 
1,450 159 3.16137 2.20140 6.95944 9.99426 17.75748 1.95226 89.59 
1,550 107 3.19033 2.02938 6.47439 10.17821 17.92015 1.78959 61.60 
Table 34. Cumulative Frequency Tabulation for Data of Industry IV 
(Continued) 
Cumulative 




(y) Actual log X 
log y 
Actual 
( log x) 
( log y) ( log x ) 2 
(v) 





$1,650 47 3.21748 1.67210 5.37995 10.35218 18.07265 1.63709 43.36 
1,750 12 3.24304 1.07918 3.49982 10.51731 18.21622 1.49352 31.16 
1,850 12 3.26717 1.07918 3.52586 10.67440 18.35176 1.35798 22.80 
1,950 6 3.29003 0.77815 2.56014 10.82430 18.48016 1.22958 16.966 
2,250 3 3.35218 0.47712 1.59939 11.23711 18.82926 0.88048 7.594 
2,750 1 
3,250 1 
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